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An old Hindi wise man told a story about six blind men meeting up with an elephant. Each blind man 
could feel only a part of the beast. One man felt a tusk and said that an elephant is similar to a spear. 
Another man touched a leg and said that an elephant is a big tree. Grabbing the trunk, one blind man 
claimed that the elephant is a big snake. With each blind man, the true nature of a whole elephant was 
misjudged because each one could only sense one part. The old Hindi wise man told us that truth is 
found by considering many different points of view. 

In composing this book, we recognize that clinicians may view Thoracic Outlet Syndrome from 
many different perspectives. From the very beginning of this project, we hoped to incorporate as many 
of these different perspectives as we can, because it is our conviction that knowledge will arise out of 
a process of consensus while we try to reconcile the differences. In so doing, we honor the old Hindi 
wise man and the elephant. 
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Foreword 


After a century of contributions to the Medical Literature, new ideas about 
neurovascular compression syndromes had apparently run aground. By the 
1970s there was little of consequence in the contemporary literature, no ongo- 
ing investigative efforts, and except for a colorful monograph by artist Frank 
Netter, virtually no Medical School teaching of the subject. It was all too 
obvious that clinical understanding of “Thoracic Outlet Syndrome” was inad- 
equate to meet the rising number of patients with these unique disorders. 

Then, from the Basic Sciences, came a coherent view of the developmen- 
tal anatomy of the Thoracic Outlet structures. Perhaps that was the spark that 
ignited the energy of a new generation of collaborative Neurologists, 
Physicians, Surgeons, and Radiologists to rethink the conceptual framework, 
integrate what was known, and create a new multidisciplinary forum for the 
generation of new knowledge. Clinical scholarship in this area flourished, 
guided by Peer Reviewed Research and Evidence Based Medicine. The result, 
from one perspective as a State Disability Examiner; “TOS disabled” 
Musicians were returning to their orchestras, Professional and Student 
Athletes to their teams. Workers returned to office, shop, and construction 
site. When viewed in the setting of just a few years past, these accomplish- 
ments cannot be overrated. 

Thoracic Outlet Syndrome, the textbook, represents the first thorough 
compilation of what has come to be known of these disorders. And for this 
time in history, it has been put together in one elegant text. 

It should be immediately apparent, when you review the roster of Editors, 
the list of 52 Authors from 27 cities and 20 University Medical Centers, that 
this is no Monograph, or idiosyncratic look at a subject, but the collective 
wisdom and experience of a diverse group of outstanding Clinicians and 
Clinical Scientists from the major medical and rehabilitative disciplines. 
From this perspective comes a comprehensive, cohesive, eminently literate 
account of the conceptual framework that encompasses the Thoracic Outlet 
disorders. The anatomic and physiologic fundamentals and the basis for the 
diagnostic and therapeutic algorithms are in detail. 

The arrangement of the three sections (Neurogenic, Arterial, and Venous) 
and their major subdivisions of; Pathologic Anatomy/Physiology, Diagnosis, 
and Therapy, give the reader insight into the thoughtful pedagogic frame- 
work of the text. The management algorithms and therapeutic options cover 
a multitude of permutations, and practically every validated treatment 
variation. 
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All the “FAQs” are addressed: The myriad issues that accompany unex- 
pected disability; Psychosocial, Vocational, Medico legal, even to Patient’s 
assessments of their experiences, articulate and critical. One cannot help but 
sense the compassion, attention to detail, technical skill, and thoughtful reha- 
bilitation that populates these pages. The clinician, from whatever discipline, 
comes away from this text with understanding, and fresh diagnostic and ther- 
apeutic confidence for dealing with what is now one of the most common 
disorders to encumber the modern workplace. 

There has been an empty slot on the Reference Shelf, a hole in the Medical 
Curriculum, a space on the office desk, a 150 year lapse. The Editors and 
Authors of Thoracic Outlet Syndrome have filled that gap, with a textbook 
worthy of the task. Above all else, will be the improved care of a group of 
young men and women eager to be productive. It is hard to imagine there is a 
group among the healing sciences, from students to experienced clinicians 
and practitioners, who will not benefit from picking up and reading these 


pages. 


CA, USA Herbert I. Machleder, MD 


Foreword 


Preface 


Thoracic outlet syndrome (TOS) is a condition estimated to affect as many as 
80 of every 1,000 patients in the United States. While estimates vary widely 
based in part on lack of consensus as to the definition of the syndrome, 
between 2,500 and 3,000 first rib resections are performed yearly in this 
country. 

What is TOS? In reality, it is at least three separate conditions. Neurogenic 
TOS (NTOS), by far the most common (perhaps 95 % of cases), refers to the 
condition where the brachial plexus is compressed at the scalene triangle or 
retropectoral space, and is manifest as local and extremity pain and neuro- 
logic symptoms often exacerbated by lifting the arms overhead. Venous TOS 
(VTOS), accounting for about 4 % of cases, refers to the situation where the 
subclavian vein is compressed by the structures making up the costoclavicu- 
lar junction, and presents as acute or chronic venous thrombosis or injury or 
occasionally intermittent positional obstruction. Finally, arterial TOS (ATOS), 
the rarest form of the condition, refers to the situation where arterial injury 
occurs as the result of abnormal bony or ligamentous structures at the outlet, 
and presents as occlusion of or embolization from an abnormal artery in this 
area. To further the confusion regarding terminology, VTOS and ATOS are 
sometimes lumped together as “vascular” TOS, and many patients with 
NTOS will have easily reproducible arterial abnormalities shown by history 
or physical exam. 

TOS is perhaps the most common surgical condition that has not had a 
textbook specifically devoted to it. Several single-author monographs exist 
(and another is planned), notably Sanders’ Thoracic Outlet Syndrome: A 
Common Sequela of Neck Injuries (Philadelphia: Lippincott, 1991) and 
Machleder’s Vascular Disorders of the Upper Extremity (Hoboken: Wiley, 
1999), but while seminal works these are both obviously directed at special 
cases of TOS and date from more than a decade ago. There are numerous 
reasons why a multidisciplinary, multi-author textbook is before you: 
¢ TOS is a problem seen almost daily in most busy vascular surgery clinics 

and clinics of thoracic surgeons, neurosurgeons, and neurologist interested 

in this diagnosis. 

¢ TOS is poorly understood by all but a handful of physicians. 

¢ TOS is very poorly understood and hence very poorly diagnosed by the 
majority of primary care physicians, and almost unknown by the lay 
population. 

¢ TOS is poorly treated by all but a handful of physicians and practitioners. 


¢ Even by the “experts” — TOS is perhaps the most inconsistently treated 
and poorly assessed condition one can name: 

— There is little consensus as to pathophysiology. 

— There are no consistent diagnostic criteria to use. 

— There are no treatment algorithms consistently used by most clinicians. 

— There are no objective outcomes assessment tools, and thus trying to 

assess success or failure of treatment rests on very shaky ground. 

— As the condition is uncommon, almost no one has enough volume to 

truly assess what is helpful and what is not. 

In short, and to summarize the problem in a few words, essentially no 
Level | evidence exists for anything we do in the treatment of this condition. 
It has been chilling for the editors to truly learn on what shaky ground we 
stand on when providing care for patients with TOS. 

This textbook attempts to start the process of remedying this situation, by 
bringing together as many experts as possible who treat this disease and think 
and write about it critically. The book is divided into 13 parts. First is an over- 
all summary of the problem, which includes reviews of terminology, embryol- 
ogy, and anatomy. Next, sections specifically addressing NTOS, VTOS, and 
ATOS each follow, each addressing specific anatomy and physiology, treat- 
ment pathways, and controversies and special questions we need to ask. 
Finally, a section most relevant to the condition as a whole is provided, which 
includes discussion of medicolegal and workman’s compensation issues, psy- 
chological concerns, and “best practices” with regards to treating these patients 
—and essays, in their own words, by those affected by it. This book is designed 
as a clinical reference work. While it can certainly be read in its entirety (and 
should, by all who concentrate on this condition), it is designed to reside on a 
shelf in a busy surgical or neurologic clinic where individual chapters can be 
quickly referenced when a specific question arises in the course of daily prac- 
tice. As such, we have tried to keep the chapters as short as possible, but in 
return some overlap and redundancy will be observed. 

In summary, this condition can probably be best approached if we all “talk 
the same language,” and this textbook is envisioned as a critical first step. The 
next task is probably to agree on unified diagnostic criteria and even treat- 
ment pathways so that we can begin to objectively assess what is the best 
possible care for these patients. Begun by the efforts of one of the authors 
(RT) using the Delphi process, we hope to accomplish this goal assisted by 
societal consensus statements, uniform registries, multi-institutional 
prospective randomized trials, and, ideally, “rare disease” funding. 

TOS, while rare, is potentially a lifelong condition and is devastating to 
those affected. When coupled with the very poor state of knowledge and lack 
of interest by so many clinicians, the stage is set for suffering. We hope that 
the information that follows will help all to start to solve this problem. 
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Terminology of Thoracic Outlet Syndrome 
and Related Problems 


Dean Donahue, Peter Edgelow, Julie Freischlag, Karl Ilig, Sheldon Jordan, 
Robert Thompson 

As in any field of medicine or scientific endeavor, those who deal with 
Thoracic Outlet Syndrome (TOS) and related problems must understand and 
agree upon a unified terminology. TOS can be confusing, and the plethora of 
descriptions, eponyms, tests, maneuvers, and the like often make things 
worse. In several cases (“true” versus “disputed” TOS, for example), inap- 
propriate terminology can even give the impression that the syndrome does 
not exist or that patients are imagining their complaints. Finally, accurate 
terminology allows professionals and patients alike to economically commu- 
nicate with each other. 

The following chapter sets forth a “vocabulary” of TOS, to be used in this 
textbook and, ideally, in the real world as well. 


Thoracic Outlet Syndrome (TOS) 

One of several conditions manifested by signs and symptoms attributable 
to compression or entrapment of vessels or nerves at the level of the tho- 
racic outlet. The designation “syndrome” implies the presence of disabil- 
ity that is significant to the patient. It is critical to differentiate neurogenic 
(NTOS), venous (VTOS), and arterial (ATOS) as these are three separate 
syndromes, are treated in different ways, and have different natural histo- 
ries and outcomes. 

Note that the terms “True TOS” and “Disputed TOS” are no longer 
helpful, are of historical interest only, and should not be used. These terms 
arose in the era when diagnosis of NTOS was less precise and outcomes 
less assured, and suggest that controversy exists as to whether NTOS 
exists if motor dysfunction or wasting are not present, a proposition not 
supported by contemporary practice. 

Aberrant Fibrous Bands 
Fibrotic structures that course through or across the neurovascular 
structures at the scalene triangle, resulting in abnormal displacement or 
entrapment of these structures. 

Adson Maneuver 
A physical exam maneuver performed to evaluate for positional subcla- 
vian artery compression in the thoracic outlet. The patient is seated with 
their head rotated toward the asymptomatic side and extended. The arm is 
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then extended and externally rotated during a single-breath hold while pal- 
pating the radial artery pulse at the wrist. The value of this test has been 
questioned because of a high frequency of positive results in asymptom- 
atic individuals, and because it does not reliably demonstrate arterial wall 
changes characteristic of ATOS (i.e., subclavian artery aneurysms), and 
because it does not demonstrate or indicate brachial plexus nerve com- 
pression. In contrast, reproduction of upper extremity symptoms with arm 
elevation in the presence of a palpable radial pulse demonstrates that the 
symptoms are unrelated to arterial insufficiency, and more likely second- 
ary to NTOS. 

Anomalous First Rib 
A true first rib (arising from T1) that exhibits an unusual shape or junction 
with the second rib. 

Arterial TOS (ATOS) 
Signs and symptoms attributed to “clinically significant” arterial compres- 
sion within the thoracic outlet, such as subclavian artery occlusive lesions 
or aneurysms. ATOS is reserved for situations in which symptoms of arte- 
rial insufficiency or thromboembolism are dominant along with demon- 
strable structural pathology. 

Axillary Artery Compression Syndrome 
A form of ATOS characterized by arterial compression at the level of the 
humeral head or underneath the pectoralis minor muscle. 

Axillosubclavian artery 
The term encompassing the entire artery in the region of the thoracic 
outlet. 

Brachial Plexus Neurolysis 
A surgical technique used to mobilize the brachial plexus nerve roots from 
surrounding fibrous tissue, by operative dissection of scar tissue surround- 
ing or interdigitating the nerves during thoracic outlet decompression. The 
term “neuroplasty” may also be used. 

Brief Pain Inventory (BPI) 
A well-validated and commonly used patient-reported survey form that 
incorporates scales for subjective pain as well as how the pain interferes 
with various functions. A whole-body diagram is used for mapping pain. 

Cervical Rib 
An anomalous extra rib arising from the C7 vertebra, which typically 
inserts onto the normal first rib, causing anterior displacement and/or com- 
pression of the brachial plexus and subclavian artery. Occurs in approxi- 
mately 0.5 % of the general population and may be seen as either an 
incidental finding or in conjunction with one of the forms of TOS. 

Cervicobrachial Syndrome 
A constellation of neck and upper extremity signs and symptoms that 
may be attributable to musculoskeletal, neurologic, or vascular dys- 
function of the neck, shoulder, or arm, not necessarily with a defined 
diagnosis. The designation “syndrome” implies the presence of disabil- 
ity that is significant to the patient. It is recognized that people may 
have minor signs and symptoms that may not be considered disabling, 
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and that multiple pathophysiological conditions may coexist (e.g., 
NTOS may coexist with shoulder impingement). The term “cervicobra- 
chial syndrome” may be used to describe patients with regional prob- 
lems and with several potentially identifiable diagnoses, particularly at 
the time of initial presentation. Whenever possible, this term “cervico- 
brachial syndrome” should be followed by a full listing of indentified 
specific diagnoses. 

Cervicobrachial Symptom Questionnaire (CBSQ) 
A self-administered scale designed for evaluation of cervicobrachial syn- 
drome. A total body diagram is included to test for widespread pain syn- 
dromes, and an oversized hand diagram is used to allow for precision in 
sensory maps. Questions have been added to screen for CRPS including 
allodynia, hyperalgesia, and for changes in color, temperature, and 
sweating. 

Chemodenervation. Botulinum Toxin Chemodenervation 
The use of intramuscular botulinum toxin injection to achieve synaptic 
block at cholinergic junctions, resulting in neuromuscular blockade with 
partial or complete paralysis of the targeted muscle(s). Effects are expected 
to last for several months. Conditions characterized by chronic excessive 
activation or spasm of muscles are often treated in this manner 
(see Dystonia). This approach has also been applied to NTOS. 

Chiropractic 
The health profession concerned with the diagnosis, treatment, and pre- 
vention of mechanical disorders of the musculoskeletal system, and the 
effects of these disorders on the functions of the nervous system and gen- 
eral health. There is an emphasis on manual treatments including spinal 
adjustment and other joint and soft-tissue manipulation. 

Chronic Pain Syndrome 
Pain that lasts beyond the usual expected duration for healing of an acute 
injury. Arbitrarily, time periods of 3 or 6 months have been used in the 
definition. 

Complex Regional Pain Syndrome (CRPS) 
A painful condition manifesting as regional pain (with or without other 
lesions described below) that appears to be disproportionate in time or 
intensity to the usual course of any known trauma or other lesion. 
Considered to be associated with local/regional overactivity of the sympa- 
thetic nerve system. A recent international symposium was held to achieve 
consensus as to additional signs and symptoms that are to be required for 
the diagnosis. This terminology replaces earlier terms in the present text, 
but it should be recognized that the previous terms Reflex Sympathetic 
Dystrophy (RSD) and/or Causalgia are often still used. The Budapest 
Criteria, used in this text, requires that symptoms must exist in three of 
four of the following categories: sensory symptoms (hyperesthesia or allo- 
dynia), vasomotor symptoms (skin color or temperature changes), symp- 
toms related to sweating or edema, and symptoms from a category that 
includes motor (dystonia or weakness) or trophic (altered nail and hair 
growth and changes in skin texture). 
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Costochondritis 
A condition produced by inflammation of the costal cartilage connecting 
the ribs to the sternum. This causes symptoms of anterior chest pain occa- 
sionally radiating to the back, upper abdomen, or arm. May mimic or over- 
lap symptoms of NTOS attributable to brachial plexus compression at the 
subcoracoid (pectoralis minor) space, distinguishable by tenderness to 
palpation and exacerbation of neurogenic upper extremity symptoms. 

Costoclavicular Space 
The anatomic space between the first rib and clavicle, through which the 
subclavian vein passes. 

Cumulative Trauma Disorder (CTD) 
An older term not used in this text. See work-related musculoskeletal 
disorder. 

Disabilities of the Arm, Shoulder, and Hand (DASH) 
The DASH outcome measure is a 30-item, self-reported questionnaire 
designed and validated to measure physical function and symptoms in 
people with any of the several musculoskeletal disorders of the upper 
extremity. 

“Disputed” TOS 
A term historically referring to patients with signs and symptoms of NTOS 
but no objective hand muscle weakness or atrophy or electrophysiological 
abnormalities on nerve conduction testing. Because this term carries the 
implication that such patients with NTOS do not have a valid or treatable 
diagnosis, this term has been discarded in contemporary practice. 

Double-Crush Syndrome; Multiple-Crush Syndrome 
A condition in which peripheral nerve dysfunction may appear to be more 
evident or modified because of the cumulative effects of nerve compres- 
sion at two or more points along its axonal course. Historically, discus- 
sions centered around the effects of compression on axonal transport 
mechanisms. More current discussions include reference to a variety of 
identified processes that produce sensitization of neural structures, work- 
ing at a peripheral or central level of the neuraxis. 

Dysesthesia 
An unpleasant feeling of electrical sensation, pins and needles, or tingling. 

Dystonia 
A condition of postural disturbance, usually associated with pain, caused 
by abnormal activation or spasm of a muscle or muscle group. 
Electromyographic examination of affected muscles will demonstrate 
excessive activity of the recorded motor action potentials. The latter will 
differentiate postural disturbances or pain that may result from muscle 
shortening or contracture. 

Elevated Arm Stress Test (EAST) 
A timed, repetitive hand opening and closing activity with the hands held 
with the elbows flexed and shoulders abducted 90°. A positive test is 
scored (and time noted) if the patient experiences discomfort related to 
pain, sensory changes, or progressive weakness and fatigue that repro- 
duces symptoms concordant with the patient’s condition. Commonly per- 
formed for either 1 min (with an endpoint of symptom reproduction) or for 
3 min (with an endpoint of inability to continue). 
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Effort Thrombosis of the Subclavian Vein (Paget-Schroetter Syndrome) 
VTOS presenting with sudden, spontaneous, arm swelling and cyanotic 
discoloration, caused by thrombosis of the axillary-subclavian vein at the 
level of the first rib or costoclavicular space. Essentially an upper extrem- 
ity deep vein thrombosis caused by mechanical compression injury to the 
subclavian vein at this location, often seemingly associated with a history 
of upper extremity “effort” caused by heavy lifting or overhead activity. 
The condition was originally described by Sir James Paget (1875) and 
Leopold von Schroetter (1884), and later summarized in a series of 320 
cases by Sir E. S. R. Hughes in 1949. 

Ergonomic 
Pertaining to the biomechanics of work-related activities. 

External Venolysis 
Thorough surgical removal of the fibrous tissue sheath, distinct from the 
adventitia of the vein, which commonly surrounds the subclavian vein in 
patients with VTOS. In many cases, external venolysis is associated with 
re-expansion of the underlying vein, which may be otherwise normal in 
diameter and consistency to palpation. 

Fibromyalgia 
A clinical syndrome characterized by the presence of chronic widespread 
pain in combination with fatigue, non-restorative sleep, and cognitive 
change along with a variety of bodily complaints. The American College 
of Rheumatology has recently updated diagnostic criteria for this 
disorder. 

Gilliat-Sumner Hand 
Atrophy (wasting) of the hand muscles, along with electrophysiological 
abnormalities on nerve conduction studies, attributed to chronic compres- 
sion of the brachial plexus nerve roots by a cervical rib or anomalous 
fibrous band at the level of the thoracic outlet. Originally described by 
Gilliat et al. in 1970. 

Interventional Pain Management 
Techniques having in common percutaneous or minimally invasive 
approaches for the control of acute or chronic pain. 

Katz Diagram 
A validated and commonly used instrument, first used for carpal tunnel 
syndrome, which can be used for a patient to map out areas of paresthesias 
or sensory loss in the hand and arm. 

Maximal Medical Improvement (MMI) 

The situation at a point in time after treatment where further substantial 
improvement in subjective complaints and functional status is not 
anticipated. Specifically used in adjucating worker’s compensation 
claims to define when treatment for a given condition has come to a 
conclusion. 

Myofascial Pain 
Regional pain with the presence of palpably firm areas of muscle which 
are tender. When the firm areas of muscle are needled or firmly percussed 
there is an experience of pain which may extend to a more distant location 
(“trigger points”). Muscle twitches may also be seen during percussion or 
needling of the muscle area. 
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Neurogenic Pain; Neuropathic Pain 
Pain initiated or caused by a primary lesion, dysfunction, or transitory 
perturbation in the peripheral or central nervous system. 

Neurogenic TOS (NTOS) 
The category of Thoracic Outlet Syndrome caused by compression and/or 
irritation of neural elements of the brachial plexus, either at the level of the 
supraclavicular scalene triangle and/or the infraclavicular subcoracoid 
(pectoralis minor) space. 

Neurography 
Imaging of nerves. Specifically used to describe functional imaging, typi- 
cally using contrast-enhanced magnetic resonance techniques, to elucidate 
and localize areas of nerve dysfunction. 

Occupational Therapy (OT) 
The health profession that facilitates functional participation in the actions 
and activities that individuals want and need to do during daily life, 
particularly through the therapeutic use of everyday and work-related 
activities. 

Pain Management 
The medical discipline that uses interventional, pharmaceutical, psycho- 
logical, and rehabilitative techniques for the control of acute or chronic 
pain. 

Paresthesia(s) 
The feeling of electrical sensation, tingling, or pins and needles which is 
indicative of nerve stimulation or dysfunction (see “dysesthesia’’). 

Pectoralis Minor Block 
An injection of local anesthetic and/or other agents into the pectoralis 
minor muscle in an attempt to diagnose, evaluate, or treat pathologic bra- 
chial plexus nerve compression in this area. 

Pectoralis Minor Syndrome 
A form of NTOS manifested by signs and symptoms attributable to com- 
pression or entrapment of the brachial plexus nerves at the level of the 
pectoralis minor tendon, as it passes from the chest wall to the coracoid 
process. 

Pectoralis Minor Tenotomy 
A surgical procedure used to treat pectoralis minor syndrome, in which the 
tendon of the pectoralis minor muscle is divided close to its insertion on 
the coracoid process. 

Peripheral Neuropathy 
Dysfunction of nerves outside of the spinal cord, i.e., peripheral nerves. 

Persistent Neurogenic TOS 
Disabling symptoms of NTOS that have not improved despite previous 
treatment, typically assessed at least 3 months after an operative proce- 
dure. Distinguished from “recurrent neurogenic TOS,” in which symp- 
toms are improved for a period of at least 3 months after an operative 
procedure but subsequently return at a later interval. 

Phalen’s Test 
A physical exam maneuver in which the patient holds the wrists in com- 
plete and forced flexion (pushing the dorsal surfaces of both hands 
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together) for 30-60 s. A positive result (symptoms in the median nerve 
distribution) is predictive of carpal tunnel syndrome. 

Physical Medicine and Rehabilitation (PMR) 
The discipline of medicine that focuses on the evaluation and treatment of 
musculoskeletal problems, including long-term rehabilitation for acute 
and/or chronic problems. 

Physical Therapy (PT) 
The health profession that focuses on treatment techniques to promote the 
ability to move, reduce pain, restore function, and prevent disability. 

Quality-of-Life (QOL) 
The concept of the benefit or quality of a person’s life as a whole. Semi- 
objectively assessed by measuring functional health and general well 
being, most commonly by self-administered patient questionnaires, such 
as the SF-36 form. 

Recurrent Neurogenic TOS 
Return of symptoms attributable to NTOS after a period of remission, 
typically for at least 3 months, following a particular form of treatment. 

Reflex Sympathetic Dystrophy (RSD) 
An older term for the condition now classified as complex regional pain 
syndrome. 

Repetitive Motion Disorder, Repetitive Trauma Disorder 
Older terms for work-related musculoskeletal disorder. 

Scalene Block 
An injection of local anesthetic and/or other agents into the anterior sca- 
lene muscle in an attempt to diagnose, evaluate, or treat pathologic bra- 
chial plexus nerve root compression in this area. Typically performed with 
electromyographic monitoring and radiographic- or ultrasound-guided 
needle tip placement. Unless otherwise specified, may also include injec- 
tion into the middle scalene, pectoralis minor, and/or subclavius muscles. 

Scalenectomy 
Surgical procedure in which the anterior and middle scalene muscles are 
excised as part of an operation for thoracic outlet decompression. 
Distinguished from “scalenotomy” which refers to a procedure in which 
the insertion of the scalene muscle(s) is divided from the first rib but the 
muscle is not excised. 

Sensitization 
A process related to the peripheral or central nervous system which results 
in regional or generalized pain that appears to be disproportionate in time 
or intensity to the usual course of any known trauma or other lesion. 
Allodynia is the experience of pain when a person is stimulated in a man- 
ner which is not usually experienced as painful (e.g., pain with light touch). 
Hyperesthesia is the experience of excessive pain when stimulated in a 
manner that would produce only minimal pain in a normal individual. 

SF-36 
A well validated and widely used self-administered or interview-assisted 
questionnaire that is used to measure and monitor functional health and 
general well being. Short forms are sometimes substituted for the original 
36 item scale (i.e., SF-24, SF-12). 
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Spurling’s Test 
A physical exam maneuver involving ipsilateral rotation and extension of 
the neck and downward pressure on the head, which produces pain and 
paresthesias from the neck to the ipsilateral limb, associated with degen- 
erative cervical spine disease. 

Subclavius Muscle 
The muscle originating on the undersurface of the clavicle and inserting 
on the first rib by terminating in the costoclavicular ligament. This muscle 
may contribute to subclavian vein compression in VTOS. 

Subclavius Muscle Block 
An injection of local anesthetic and/or other agents into the subclavius 
muscle in an attempt to diagnose, otherwise evaluate, or treat pathologic 
compression of the brachial plexus nerve roots in this area. 

Sympathectomy 
Surgical procedure involving removal of a part of the cervical sympathetic 
chain, usually from the level of the stellate ganglion to the T3 sympathetic 
ganglion, used to treat sympathetic hyperactivity as a component of NTOS 
or CRPS. Aside from its use in these conditions, sympathectomy is most 
frequently performed for palmar and/or axillary hyperhydrosis. 

Tenotomy 
A term used to describe surgical division of a muscle or its tendon, distin- 
guished from procedures involving resection of the muscle. 

Thoracic Outlet 
The general term for the anatomic region beginning at the base of 
the neck, behind the clavicle and overlying the first rib, and extending to 
the subcoracoid (beneath the insertion of the pectoralis minor) space. The 
principal nerves and blood vessels to the arm pass through the thoracic 
outlet. Several distinct spaces are considered to exist within the thoracic 
outlet, where compression of different structures may occur at different 
locations, including the scalene triangle, the costoclavicular space, and the 
subcoracoid space. Occasionally the term “thoracic inlet” is used to 
denote the venous portion of this area (constoclavicular junction), but this 
term is confusing and should be avoided. 

Tinel’s Sign 
A physical exam maneuver used to detect an irritated peripheral nerve. 
Light tapping (percussing) over the nerve (such as over the carpal tunnel 
or the cubital canal) elicits a sensation of tingling or “pins and needles” 
in the distribution of the nerve if it is inflamed or irritated at that 
location. 

Upper Limb Tension Test (ULTT) 
A physical examination technique involving a series of sequential pro- 
vocative maneuvers designed to place components of the brachial plexus 
on tension in an attempt to reproduce symptoms of NTOS. Sometimes 
referred to as the “straight-leg raising test” for the arm, it was first described 
by R. L. Elvey in 1979. 

Vascular TOS 
A general term for venous and/or arterial TOS. 
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Venous TOS (VTOS) 
Intermittent positional obstruction or thrombotic occlusion of the axillo- 
subclavian vein at the level of the first rib. Thrombotic occlusion is also 
referred to as subclavian vein effort thrombosis or Paget-Schroetter 
syndrome. 

Whiplash injury 
Generally refers to an acute injury to the soft tissues of neck (as opposed 
to the bones) caused by sudden flexion and extension movements. 

Winged Scapula 
Any abnormal scapular position in relation to the chest wall. Medial or 
posterior winging of the scapula results from paralysis and/or atrophy of 
the serratus anterior muscle secondary to injury and/or dysfunction of the 
long thoracic nerve, and is characterized by an inability to keep the scap- 
ula close to the chest wall during arm elevation and abduction and subse- 
quent weakness and inability to perform these movements. Lateral winging 
of the scapula results from weakness of the trapezius and/or rhomboid 
muscles. 

Workers Compensation 
The system that has been developed under government supervision to pro- 
vide treatment to workers who have been injured on the job site or in the 
course of employment-related duties. 

Workplace Injury 
An injury that occurs while at work and in the course of employment- 
related duties. 

Work-Related Musculoskeletal Disorders (WMSDs) 
Any musculoskeletal disorder caused by chronic physical workplace 
stress. These disorders can be caused by activities which are frequent and 
repetitive or by activities that involve sustained awkward postures. This 
term unites syndromes such as repetitive motion injuries, repetitive strain 
or stress injuries, cumulative trauma disorders, occupational cervicobra- 
chial disorders, occupational overuse syndromes, regional musculoskele- 
tal disorders, etc. 
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Abstract 

The History of the Thoracic Outlet Compression Syndromes has evolved 
over the past 150 years, from the first well documented case in 1861, to 
series of patients now treated in modern prospective randomized trials. 
This evolution has been driven by clinical and basic research contributions 
from major University Medical Centers and Clinics around the globe. 

The three major manifestations; Arterial, Venous, and Neurogenic were 
drawn together in a dramatic, tragic, and eventually transcendent series of 
events, summarized in a single clinical case, by the great American 
Neurologist William S. Fields in 1986. 

The complex developmental anatomy, of this key evolutionary depar- 
ture of Primates from the rest of the Mammals, remained the conundrum 
that shrouded the thoracic outlet from clarity. The contributions of; 
Embryologists, Anatomists, Neurophysiologists and Neuropathologists, 
coupled with astute observations of generations of Clinicians, now clearly 
define this unique anatomic site, and its hazards. 

In reviewing this historical sequence the reader encounters a fascinat- 
ing account, of a disorder that affects a diverse population including; 
Musicians, Athletes, Industrial Workers, as well as those who toil at Data 
Entry. The history also well illustrates the twists and turns of scientific 
discovery and clinical application, that have always encumbered our 
efforts to study, understand, and effectively alleviate a disorder, that can 
range from a curious annoyance to major disability. 


Prologue 


It was sometime in winter of 1994 when a news- 
paper reporter came upon a tattered, homeless, 
and destitute man living in a crude cardboard 
shelter under a Houston bridge. How could this 
be; JR Richard once one of the highest paid and 
most talented “All-Star” pitchers of the Houston 
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Astros? A giant of a man both in size (6’8 ) and 
accomplishment, brought low by an odd, poorly 
understood disorder [1]. It remained for another 
iconic figure to decipher the diagnosis, the 
Neurologist William Fields; referred to by his 
contemporaries as a physician who was a “Giant” 
in the field of Neurology (whose members are not 
noted for hyperbole), and whose contributions 
were “monumental” [2]. 

After examining Richard, and studying his 
case, Fields wrote, in his definitive style, “All 
shoulder girdle compression syndromes have one 
common feature, namely; compression of the 
brachial plexus, the subclavian artery, and sub- 
clavian vein, usually between the first rib and the 
clavicle. With elevation of the upper limb, there 
is a scissorlike approximation of the clavicle 
superiorly and the first rib inferiorly. Grouping 
the various conditions under the single heading 
of thoracic outlet syndrome should be considered 
in all neurologic and vascular complaints of the 
arm previously reported as scalenus anticus, 
hyperabduction, costoclavicuar, cervical rib, 
fractured clavicle, cervicobracial compression, 
pneumatic hammer, effort vein thrombosis, sub- 
coracoid pectoralis minor, and first thoracic rib 
syndrome” [3]. 

As is often said in the vernacular, “...there 
you have it!” the essential history of Thoracic 
Outlet Compression Syndrome (TOS) in a para- 
graph. A group of seemingly inconsequential 
developmental and acquired abnormalities that 
can hide for a lifetime in obscurity, or, under cer- 
tain conditions of occupational, recreational, or 
cumulative trauma, result in a syndrome of dra- 
matic and unremitting disability. 


‘ 





Historical Evolution 


The commonality of the often disparate abnor- 
malities and complaints associated with TOS was 
not always so evident, but has been slowly worked 
out over years of experimental research and clini- 
cal observation (beginning more than a century 
before JR Richards’ case). This trajectory was 
laid out in a paper presented at a Festschrift for 
Charles Rob held in San Francisco California in 
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1993, “Thoracic Outlet Syndromes: new con- 
cepts from a century of discovery” [4]. 

The history of TOS as a medical diagnosis 
begins in 1861 on a rainy spring day in London, 
when “Charlotte D,” a 26 year-old servant woman, 
was admitted to St. Bartholomew’s Hospital with 
a painful, dysesthetic and somewhat ischemic left 
arm. The diagnosis of “cervical rib” was made, 
and surgical excision was undertaken by Mr. 
Holmes Coot. The case was beautifully described 
less than 2 weeks later in the journal Lancet [5]. 

These earliest cases fascinated both physicians 
and surgeons, as they diagnosed and treated 
mostly young patients with painful pulsatile 
masses in their necks, often associated with a 
cool, painful, dysesthetic upper extremity. The 
presence of a cervical rib was diagnosed by physi- 
cal examination, this being almost half a century 
before the discovery of X-rays. The technically 
challenging but by and large successful treatment, 
often dramatically so, drew the attention of clinics 
around the world. After Coote’s successful case, 
anomalous cervical rib and its syndrome were 
increasingly diagnosed, particularly after 1900 
when recognition was facilitated by the growing 
use of radiographic imaging. A number of subse- 
quent surgical reports appeared in the literature, 
and cervical rib excision became an accepted 
therapeutic approach when the rib was associated 
with upper-extremity neurovascular symptoms. 

Paradoxically, the symptom complex was 
becoming increasingly recognizable in the indus- 
trializing cities in England and Australia, but 
without a detectible bony abnormality. In 1912, 
T. Wingate Todd reported a landmark clinical and 
anatomical study of a large number of men 
woman and children. He concluded that “symp- 
toms of cervical rib” may be caused by an appar- 
ently normal first dorsal rib, and may be cured by 
its removal. His studies showed that there was a 
progressive and gradual descent of the shoulder 
girdle in advancing years such that the first 
and second thoracic nerves are gradually dis- 
placed and must travel upward until they have 
crossed the uppermost rib and then angulate 
downward to enter the arm. As a consequence of 
this configuration, any elevation of the rib or 
depression of the shoulder must stretch these 
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lower connections with the brachial plexus. He 
also noted the resting and carrying positions that 
relieve and exacerbate this stretching [6]. 

In 1920 Stopford and Telford reported a 
group of patients seen in Manchester complain- 
ing of loss of grip strength, fatigue of the hand 
with exercise, weakness of the intrinsic muscles, 
loss of sensation in the distribution of the lower 
trunk of the brachial plexus, and vasomotor 
instability with episodes of cyanosis and cool- 
ness. They noted that after removal of the 
impinging portion of the first rib there was rapid 
resolution of the vasomotor and sensory changes 
and slow resolution of atrophic and motor 
changes [7]. This is, fascinatingly, quite a mod- 
ern description of neurogenic TOS as reported 
now almost a full century later. 





The Scalenectomy Era 


Although the general anatomic region of the 
compressive abnormality had became quite evi- 
dent, there was changing opinion about the key 
offending structure. Consequently, the disorder 
did not yet have a commonly accepted name! 
There was also considerable variation in opinion 
regarding the best mode of treatment, or surgical 
decompression. 

At the Mayo Clinic Adson, the Chief of the 
Neurosurgical Service, began to treat “cervi- 
cal rib” patients by removing the anterior sca- 
lene muscle. He reasoned that the compression 
originated superiorly and compressed the neuro- 
vascular structures against the unyielding bony 
structure beneath, and thus that relief of the 
superior compression would solve the problem 
with limited morbidity [8]. The popularity of this 
operation grew, particularly as it was far safer 
than resection of a cervical rib. Naffziger, who 
was chief of Neurosurgery at the University of 
California and President of the American College 
of Surgeons, also considered the anterior scalene 
muscle to be the key to the neurovascular com- 
pressive abnormalities in patients with “Cervical 
Rib Syndrome,” even in the absence of an actual 
cervical rib, and thus first used the term “Scalenus 
Syndrome.” [9] The widespread interest in this 


subject is highlighted by Ochsner, Gage, and 
DeBakey publishing a description of the disorder 
in a landmark paper entitled “Scalenus anticus 
(Naffziger) syndrome,” giving credit to Naffziger 
(although Ochsner’s paper antedated Naffziger’s 
by 3 years!) [10]. 

The concept of dividing the scalene muscle 
flourished, albeit with both dramatic cures and 
less enthusiastically documented failures. In this 
period of time, before the widespread recogni- 
tion of carpal tunnel syndrome, cervical disc dis- 
ease and neuroforaminal compression, and other 
similar problems, the widespread application of 
scalenotomy was certain to lead to failures, par- 
ticularly when applied to patients with predomi- 
nantly upper plexus or median nerve distribution 
symptoms. 

The anatomic variations seen during surgery 
suggested that a careful look at the embryology 
of the area might provide some insight into the 
etiology and interrelation of the structural ele- 
ments. Some of the most illuminating basic 
research was done in Paris and Berlin [11, 12]. 
Milliez and Poitevin working at the Museum of 
Man at the Sorbonne in Paris, demonstrated that 
the scalene muscle mass is differentiated into 
specific muscle groups by passage of the devel- 
oping neurovascular bundle. The persistence of 
certain muscle inclusions in the brachial plexus 
as well as muscle groups that traverse various 
elements of the brachial plexus is related to the 
original mass of the scalene variously segmented 
by the passage of these developing structures as 
the limb bud develops. These investigators also 
emphasized that anomalies at the thoracic outlet 
rarely exist in isolation as there is interaction in 
development of the different elements. Cervical 
rib development, for example, is determined by 
the formation of the spinal nerve roots. The 
regression of the C5 through C7 ribs is occa- 
sioned by the rapid development of the enlarging 
roots of the brachial plexus in the region of the 
limb bud. In cases of a C7 rib, there is only a 
small neural contribution from the T1 nerve root. 
The inhibition of rib development at that level is 
lost or reduced, and the size of the cervical rib is 
then related to the extent of the contribution of 
this T1 root to the brachial plexus. 


fo) 


When muscle histochemistry and fiber type 
analysis became available, these newer methods 
of muscle investigation were applied to the ante- 
rior scalene. The neuropathologist Anthony Verity 
recognized that in the post-traumatic situation 
there would be a gradual recruitment of sustained 
contracting Type | fibers, corresponding to the 
clinical observation of increased muscle tone, ten- 
derness, and consequent compression [13]. This 
clinical and ultrastructural evidence formed the 
basis for a number of non-surgical treatment pro- 
tocols for symptomatic relief of the neurogenic 
disability, including targeted physical therapy and 
chemodenervation of the anterior scalene [14—16], 
although this is getting ahead of ourselves. 


The Era of First Rib Resection 


In 1962 O Theron Clagett delivered his 
Presidential address to the American Thoracic 
Society. Subsequently published in the Journal of 
Thoracic and Cardiovascular Surgery, it described 
the evolution of his understanding of the com- 
pressive process and his application of first rib 
resection to patients with TOS. The posterior tho- 
racoplasty approach was a difficult operation (for 
both patient and surgeon) and there was conse- 
quently relatively limited further clinical applica- 
tion [17]. The paper was a milestone, however, in 
turning attention away from the scalene muscle 
and back to the first Thoracic rib. 

Renewed interest in first rib resection then fol- 
lowed a report in 1966 by David Roos, who 
reported a series of 15 patients treated by removal 
of the first thoracic rib from a transaxillary 
approach. The dramatic superiority of this tech- 
nique was readily appreciated and became widely 
accepted [18]. Improved recognition of other 
problems that can be confused with TOS com- 
bined with a more effective operative approach to 
thoracic outlet compression led to demonstrably 
superior results in the treatment of patients with 
upper extremity neurogenic and neurovascular 
symptoms. Roos’s superb ability in communicat- 
ing the critical elements in the clinical workup as 
well as the operative details proved to be one of 
the keys to widespread acceptance of this 
approach, and the transaxillary procedure became 
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the standard operation for removal of the first 
thoracic rib by the early- to mid-1970s [19]. 

Unfortunately there remained a lack of famil- 
iarity with the complex developmental anomalies 
that occur in these patients leading to a definite 
incidence of poor surgical results soon followed 
by medical malpractice litigation. This turn of 
events was highlighted by Andrew Dale, a tho- 
racic Surgeon from Nashville [20]. At the time of 
his paper’s publication it was still the practice for 
journals to publish the full discussion that fol- 
lowed the paper’s oral presentation, which was 
most interesting (and three full journal pages 
long!). The lively and instructive debate that fol- 
lowed his talk sounds surprisingly modern and 
illustrates the differences of opinion and lack of 
consensus that existed in the beginning of the 
1980s, and he concluded the printed discussion 
with a quote from John Homans; “I enjoyed the 
discussion of my paper, but I wish I had not 
learned so much from it” (20, p. 1445). 

The first good description of clinical anatomi- 
cal observations was published by Roos in 1976, 
who described a constellation of abnormal bands 
and fibers that he had observed in the course of 
operative intervention [21]. Because of incom- 
plete understanding of the embryology of the 
region at that time, Roos was able to identify the 
abnormalities only by number: Type I, Type II, 
etc. As research regarding the embryology and 
developmental anatomy of this area progressed, 
Makhoul was able to place all of the structural 
variations seen within a more comprehensive sys- 
tem [22]. As understanding of the various under- 
lying anomalies developed it became apparent 
to many surgeons who had a focused interest in 
this entity, that simply removing the first rib was 
not the single best operation in all circumstances. 
Although removal of the rib would often lead to 
relief of symptoms, failure to identify and deal 
with other associated developmental abnormali- 
ties would often lead to recurrent (or residual) 
problems — first rib resection alone really only 
decompressed the soft tissue elements. Because 
of this the group at the University of California, 
Los Angeles (UCLA) have emphasized the fact 
that this operation, in general, should be con- 
sidered thoracic outlet decompression [23]. 
Unfortunately for billing and coding reasons the 
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term “first rib resection” had become firmly estab- 
lished by this point (and remains so), illustrating 
(in a negative sense) how evolving understanding 
can be encumbered by terminology! 





The Concept of “Thoracic Outlet 
Compression Syndrome” 


By the 1950s theterm “Thoracic Outlet Compression 
Syndrome” began to appear in the medical litera- 
ture. The ‘Mayo Clinic Number’ of the 1946 
Surgical Clinics of North America was devoted to a 
symposium on pain in the shoulder and arm. Eaton, 
the consultant in Neurology, described a group of 
disorders that he would 10 years later (in 1956) 
regularly refer to as the “thoracic outlet syndrome.” 
He began his description in this way, “Almost 
always the patient seeks relief from pain and par- 
esthesias of the upper extremity...” [24]. 

In 1958 Rob and Standeven reported ten cases 
of arterial occlusion as a complication of what 
they termed, “thoracic outlet compression syn- 
drome”, and thereby introduced the term to the 
surgical literature. They remarked at the often 
delayed diagnosis of thoracic outlet problems, 
suspecting that the subtle early manifestations of 
arterial compression were often masked by col- 
lateral formation. They further observed that, 
‘three cases have been recorded in the literature 
in which proximal spread of arterial thrombosis 
had reached the bifurcation of the innominate 
artery and caused hemiplegia.’ It would be almost 
three decades later that J.R. Richard would suffer 
this identical consequence, on July 30, 1980, 
while pitching in the Houston Astrodome. 

The arterial complications of TOS (ATOS) 
seemed to find particular occurrence in “throwing 
athletes.” The variety of lesions, and the excep- 
tional skill needed for both accurate identification 
and correction was well documented by Cormier, 
Yao, and Gelabert [25-27]. 





The Venous Abnormality 


Although by 1980 compression of the axillosub- 
clavian artery and brachial plexus in the thoracic 
outlet were well described, compression of the 


axillosubclavian vein (venous TOS; VTOS) was 
still an uncertain member of this syndrome. The 
phenomenon that had originally been described 
as the Paget-Schroetter Syndrome (based on the 
first two case reports) was later routinely referred 
to as “spontaneous thrombosis of the axillosub- 
clavian vein” or “effort thrombosis.” The first 
designation was perhaps most accurate, reflecting 
as it did an acknowledged lack of understanding 
regarding the etiology. The second designation, 
however, was an imaginary construction, that was 
actually quite fanciful. In its original form it 
posited that an extreme Valsalva maneuver 
(the “effort”) would increase pressure in the 
innominate and jugular-subclavian venous sys- 
tem enough to invert and tear the retro-clavicular 
valve of the subclavian vein, in turn setting up a 
nidus for inflammation, fibrosis and thrombosis. 
The few reported pathologic examinations of 
resected specimens showed an area of fibrosis, 
chronic thrombus, and thickening which could be 
construed as possibly substantiating the hypoth- 
esis (today, of course, the term “effort” is used to 
refer to the fact that most patients with this prob- 
lem are young, fit athletes) [28]. Finally, there 
was no recognition at this time that nonocclusive 
intermittent compression could also occur as part 
of this problem [29]. 

The more accurate explanation (chronic, 
extrinsic compression by the structures that make 
up the costoclavicular junction) was developed 
around the time that thrombolytic therapy began 
to be used, by means of which the thrombosed 
vein could be rapidly cleared of thrombus and the 
underlying structural abnormality then demon- 
strated by positional venography. The earliest 
attempts at treatment using this new paradigm 
were published in a series of case reports by 
Zimmerman [30], Taylor [31], and Perler [32] in 
the 1980s. The institution of a comprehensive 
approach to the Paget-Schroetter Syndrome was 
applied to a reasonable cohort of patients begin- 
ning in 1985 and reported by Kunkel in the 
Archives of Surgery in 1989 [33]. The key at this 
stage was the careful exclusion of any of the other 
possible causes of venous thrombosis (which had 
become legion as a consequence of using the bra- 
chial veins for all type of access). The manage- 
ment strategy for true effort thrombosis was 
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further refined and results as applied to a large, 
meticulously controlled group of patients were 
reported in the Journal of Vascular Surgery by the 
UCLA group in 1993 at which time the staged, 
multidisciplinary approach of thrombolysis fol- 
lowed by thoracic outlet decompression had 
become widely accepted [34]. 





Where Are We Today? 


At this point the three major components of the 
Thoracic Outlet Compression Syndrome are all 
clearly delineated, and treatment strategies rela- 
tively well tested and extensively documented. 
A major missing piece of the puzzle is, however, 
the lack of prospective randomized evidence for 
what we do, a problem that will hopefully be 
addressed in the next decade (see Chap. 41). 

The “Holy Grail” of NTOS remains a search 
for a reliable and accurate objective test that 
clearly differentiates those who will improve 
with physical therapy or other nonsurgical options 
from those who require surgical decompression. 
A reliable electrophysiologic test would meet 
this need, but so far nerve testing has not proved 
to be of significant clinical benefit. Nerve con- 
duction studies [35], F wave measurements [36], 
and Somatosensory Evoked Potentials [37-39] 
have all been extensively studied, but their pre- 
dictive value remains unproven and they have 
occasionally proven to be a quagmire [40]. 


Epilogue 


Although in their most obvious manifestations the 
congenital and acquired abnormalities of the tho- 
racic outlet are considered discrete anomalies, they 
should more properly be viewed as part of a con- 
tinuum of developmental variation (especially 
ATOS and NTOS). The particular spectrum of 
developmental variations seen may be significant 
as predisposing elements when complicated by 
either increased functional requirement or changes 
subsequent to trauma — in other words an environ- 
mental stress in the setting of an anatomic predis- 
position are usually both needed for TOS to exist. 
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Greater resilience of the arterial and venous 
systems seems to result in relatively innocuous 
symptoms until compression reaches levels of 
hemodynamic significance, or causes structural 
damage. It is evident that the threshold for neuro- 
genic symptoms, from the brachial plexus, is 
lower than that for the vascular system. 

Coincident with the range and continuum of 
developmental abnormalities, there is a range and 
continuum of compression of the normal struc- 
tures traversing the thoracic outlet. Symptoms 
associated with the extremes of the compressive 
abnormalities are easy to distinguish, since they 
represent the “classic” cases: (1) Paget-Schroetter 
axillosubclavian vein occlusion [41]; (2) hand 
ischemia from thrombosis or embolization from 
the subclavian artery [42]; and (3) the “wasted 
hand” of cervical rib or band compression [43]. 

In addition to these “end-stage” conditions, it 
has been found important to recognize the full 
spectrum of symptoms that can arise from neuro- 
vascular compression at the thoracic outlet. The 
lesser degrees of compression will often be dis- 
abling, in settings of specific physical or occupa- 
tional requirements. 
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Embryology of the Thoracic Outlet 


R. Shane Tubbs and Mohammadali M. Shoja 


Abstract 


The thoracic outlet is the area in the lower neck traversed by the brachial 
plexus and subclavian vessels between the thorax and axilla. This dynamic 


space is formed by the first thoracic vertebra, first rib, and manubrium of 
the sternum. The thoracic outlet changes in volume with the movement of 
the upper limbs, thorax, and neck, is occupied by scalene and prevertebral 
muscles and fibrous structures, and is limited by osseous structures — the 
clavicle, first rib, and cervical vertebrae and transverse processes. During 
upper limb abduction, patients with thoracic outlet syndrome (TOS) have 
been found to decrease the space of the outlet more compared to healthy 


individuals. 


The thoracic outlet is the area in the lower neck 
traversed by the brachial plexus and subclavian 
vessels between the thorax and axilla. This 
dynamic space is formed by the first thoracic ver- 
tebra, first rib, and manubrium of the sternum 
(Fig. 2.1). The thoracic outlet changes in volume 
with the movement of the upper limbs, thorax, 
and neck, is occupied by scalene and prevertebral 
muscles and fibrous structures, and is limited by 
osseous structures — the clavicle, first rib, and 
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cervical vertebrae and transverse processes. 
During upper limb abduction, patients with tho- 
racic outlet syndrome (TOS) have been found to 
decrease the space of the outlet more compared 
to healthy individuals [1]. 

The embryogenesis of the thoracic outlet is 
a function of harmonious and timely growth of 
regional osseous, fibromuscular and neurovascular 
elements with the emerging upper limb bud. Any 
disturbance in the interaction or development of 
these elements affects spatial features of the outlet. 
From a morphological point of view, the thoracic 
outlet is a heterogeneous region with inter-individ- 
ual variability and individuals with substantially 
distorted outlet contours or a crowded outlet are 
prone to develop TOS. In this chapter, the gen- 
eral aspects of the development of the thoracic 
outlet region are described followed by an over- 
view of the embryology of common osseous and 
fibromuscular anomalies associated with TOS. 
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Fig. 2.1 Lateral view of the thoracic outlet from the skel- 
eton of a 30 week old fetus. Notice the more horizontal 
nature of the manubrium as compared to the adult and the 
increased concavity of the first ribs 


Neurovascular Development 


The subclavian vessels and brachial plexus tra- 
verse the thoracic outlet. The left subclavian 
artery arises from the left 7th intersegmental 
artery and from proximal to distal, the right 
subclavian artery arises from the fourth aortic 
arch, right dorsal aorta (between the 4th and 
the 7th intersegmental arteries), and the right 
7th intersegmental artery. The subclavian veins 
form from the fusion of venous tributaries from 
the upper limb bud and the ventral rami that will 
form the brachial plexus begin budding from the 
neural tube by the end of the first month of gesta- 
tion and grow toward their respective slerotomes 
and myotomes [2]. The slerotome of the upper 
thoracic region gives rise to the first thoracic 
vertebra. Normally, only the costal processes of 
the thoracic vertebrae give rise to ribs with the 
first rib joining the manubrium, which in turn is 
formed from the upper mesenchymal condensa- 
tions that make up the sternebrae [2]. If the costal 
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Fig. 2.2 Right neck from a cadaver found to harbor a cer- 
vical rib (arrow), which binds itself to the first rib (FR) via 
a fibrous band. Also note the middle (MS) and anterior 
scalene (AS) muscles and the lower trunk (LT) of the bra- 
chial plexus 


elements of the seventh cervical vertebrae grow 
in a similar manner, an anomalous cervical rib 
forms. 


Cervical Ribs 


Anomalous elongation of the costal process of 
the seventh cervical vertebrae (cervical rib) 
(Fig. 2.2) has a wide range of frequency and has 
been reported to be present in 0.1—6.1 % of other- 
wise healthy individuals [3-5]. Although such 
variability can perhaps suggest that different eth- 
nic groups could be more susceptible to thoracic 
outlet abnormalities, the validity of this assertion 
remains to be determined. During the develop- 
ment of the cervical vertebrae, cartilaginous cos- 
tal elements are incorporated into the anterior 
and posterior tubercles and the intertubercular 
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Fig. 2.3 Schematic drawing 
of the right brachial plexus as 
it is deflected superiorly 
(especially the lower trunk 
formed by C8 and T1 ventral 
rami) by an anomalous 
cervical rib 


lamella of the transverse processes [6]. The ante- 
rior tubercle and intertubercular lamella of C7 
are ill developed [7]. The endochondral 
ossification of the C7 costal element with the 
growth zone located at its medial margin acts as a 
precursor to a supernumerary rib [8]. A separate, 
ossified costal element of C7 has been seen in up 
to 63 % of stillborn human fetuses and as early as 
14 weeks of gestation [9]. The dramatic reduc- 
tion in the incidence of cervical ribs in adult 
humans implies an age-related process of absorp- 
tion of the ossified costal element into the trans- 
verse processes of cervical vertebrae [3]. Cervical 
ribs may cause both neurogenic (Fig. 2.3) and 
vascular TOS [10]. The length of a supernumer- 
ary rib is also a determinant of the severity of 
compression. As cited in Makhoul and Machleder, 
Lang noted that cervical ribs greater than 5.6 cm 
pass beneath the subclavian artery and are more 
likely compress it [11]. Familial forms of TOS 
have been reported with apophysomegaly of the 
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C7 transverse process or formation of a cervical 
rib [12, 13]. An autosomal dominant inheritance 
has been suggested for such cases [14]. 

The mechanisms by which ossification of the 
C7 costal element and extent of growth and per- 
sistence of a cervical rib are directed have yet to 
be understood. Prenatal exposure to various toxic 
substances (e.g., valproic acid, retinoic acid, 
nitrous oxide, methanol) and disturbances in 
early organogenesis induce formation of cervical 
rib in some animals [15, 16]. An early attempt to 
understand the appearance of a cervical rib was 
made by Todd [17]. He attested that nerve and 
vessels at the thoracic outlet are the main limiting 
factors for the formation and size of cervical ribs. 
He distinguished several types of cervical ribs; 
some terminated behind the nerve trunk, some 
between the nerve and artery and others between 
the artery and vein, possibly indicating that the 
nerve, artery or vein, respectively, limits the 
growth of the cervical rib during embryogenesis. 
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Jones (as cited in Adson and Coffey [18]) sug- 
gested that with the outgrowing upper limb bud, 
the developing nerve trunks tend to course more 
or less obliquely. As the embryonic nerve trunk is 
proportionally larger than the ribs, the conflict 
between the obliquely oriented nerve and rib is in 
favor of the former, ultimately impeding the 
growth of the cervical rib. 

Embryogenetics: Abnormalities in Hox gene 
expression affect the development of the thoracic 
outlet [19]. HOX genes are a cluster of homeo- 
box-containing genes expressed along the antero- 
posterior axis of the developing skeleton which 
determine the segmental fate of the vertebral col- 
umn [20, 21]. It has been postulated that forma- 
tion of cervical ribs represent an error in HOX 
gene expression and thus the segmental identity 
of cervical and thoracic vertebrae [19, 22]. 
Alterations in homeotic transformation of the 
axial skeleton are often associated with fatal con- 
genital malformations and are strongly selected 
against during development [23]. However, minor 
abnormalities such as formation of cervical ribs 
may escape this negative selection and persists 
through postnatal life. 











Scalene Muscles 


The scalene muscles occupy much of the thoracic 
outlet. Embryologically, the scalene muscles are 
derived from hypaxial mesoderm of hypomere of 
somital myotomes in much the same way as the 
intercostal muscles. While derivatives of the tho- 
racic hypaxial mesoderm connect ribs, those of 
the lower cervical mesoderm extend from the 
transverse processes of cervical vertebrae to the 
upper ribs. Other local mesodermal components 
regress or transform into loose connective tissue 
or occasionally dense fibrous or ectopic/supernu- 
merary muscular slips. Interestingly, in one 
series, single or multiple developmental anoma- 
lies were found in the thoracic outlet region in 
two thirds of surgical patients with TOS [11]. 
Developmental anomalies associated with 
TOS are classified into fibromuscular or osseous 
abnormalities [24, 25], and it is not uncommon to 
find a combination of both in a single patient [24]. 
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Osseous abnormalities (e.g., cervical rib, abnor- 
mal first rib, or elongated C7 transverse process) 
are less common than fibromuscular anomalies, 
but are more likely to induce significant com- 
pressive symptoms or vascular TOS [26, 27]. 
Molecular aspects of these abnormalities (forma- 
tion of dense fibrous or ectopic/supernumerary 
muscular strips) remain to be fully explored. It is 
known that precursor cells giving rise to hypax- 
ial muscles undergo migration and myogenesis 
under the influence of various signals from dorsal 
ectoderm, lateral mesoderm and the developing 
limb buds [28, 29]. 

Congenital Anomalies of the Scalene 
Muscles: Congenital anomalies of the scalene 
muscles ranging from supernumerary muscle 
slips to muscle contraction and fibrosis account 
for a significant proportion of TOS. In one series, 
more than half of TOS patients without a cervical 
rib or other osseous abnormality had a scalene 
muscle anomaly crowding the interscalenic tri- 
angle [30]. Comments regarding the ontogeny of 
the scalene muscles are rarely found in the litera- 
ture. Machelder [10] cited Millez and Poitevin 
who mentioned two relevant hypotheses: First, 
by the eighth week of gestation (2.5 cm embryo), 
a common scalene muscle mass develops and 
later separates into distinct muscle groups by 
traversing neurovascular bundles. As a conse- 
quence of segmentation defects, the scalenic 
mass may give rise to supernumerary muscle 
slips, e.g., scalenus minimus. Ectopic mesenchy- 
mal masses may transform into an anomalous 
muscle. The second hypothesis also states that 
supernumerary scalene muscles are remnants of 
the mesodermal mass, which normally regresses 
during embryogenesis. 

More than ten fibromuscular anomalies of the 
thoracic outlet have been described in the litera- 
ture. These anomalies may lead to compression 
of the brachial plexus anterior and/or posterior 
to the C5-T1 nerve trunks [26]. Anomalies pos- 
terior to the brachial plexus are more likely to 
cause symptomatic TOS [26]. Females have a 
predilection to combined anterior and posterior 
anomalies causing V-shaped impingement of the 
brachial plexus [26]. The most common anomaly 
is a ligamentous band that extends from the neck 
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of the first rib to the inner surface of the first rib 
just behind the distal insertion of the anterior sca- 
lene onto the scalenic tubercle (called by some an 
“outlet band”). Ross found this anomaly in 146 
(61 %) out of 241 operations for TOS [25]. The 
scalenus minimus and scalenus pleuralis muscles 
are well described and extend from C7 and/or 
rarely C6 transverse processes to the inner bor- 
der of the first rib or the suprapleural fascia of 
Sibson, respectively [31]. The scalenus minimus 
is found in 15-88 % of thoracic outlets [32, 33]. 
This muscle passes between the subclavian artery 
anteriorly and the brachial plexus posteriorly, is 
occasionally replaced by a fibrous band or liga- 
ment, usually has attachment to Sibson’s fascia, 
and can lead to irritation of the lower part of the 
brachial plexus [33, 34]. An anomalous distal 
insertion of the scalenus minimus onto the scalene 


tubercle of the first rib causes elevation and com- 
pression of the subclavian artery [35]. It should 
be noted that many clinicians simply describe 
any muscle fibers that pass between the trunks 
of the brachial plexus as the scalenus minimus. 
Finally, a fibrotic band running from C7 to the 
first rib can be labeled as either a “middle scalene 
band” or simply as a non-ossified cervical rib. 

In up to approximately 50 % of TOS patients 
without osseous anomalies, the distal insertion 
of the scalene medius is extended anteriorly 
behind the scalenus anterior. A common dis- 
tal insertion of the anterior and middle scalene 
muscles, or overlapping distal insertions, referred 
to as intercostalization of the scalene muscle 
has been described [11]. Table 2.1 summarizes 
fibromuscular congenital anomalies associated 
with neurogenic TOS. 


Table 2.1 Ross’ classification of fibromuscular anomalies associated with neurogenic TOS 


Involvement of upper and middle trunks of brachial plexus 


A muscle strip that passes between C5 and C7, and connects the anterior and middle scalene muscles 


(interscalenic muscle) 


An anomalous anterior scalene that is mixed with the middle scalene muscle superiorly and traverses between 


CS anteriorly and C6-T1 posteriorly 


An anterior scalene muscle with attachments to the epineurium of the upper trunk of brachial the plexus 


A fused anterior-middle scalenic muscle mass through which the brachial plexus traverses 


A vertical fibrous mass parallel to the vertebral column and anterior to the origin of the brachial plexus 


Scalenus minimus muscle (see text) 


A fibromuscular connection between the anterior and middle scalene muscles in the mid-portion of the 


inter-scalenic triangle 
Involvement of lower trunk of brachial plexus 


A fibrous band connecting the tip of an incomplete cervical rib to the mid-shaft of the first rib 


A fibrous band connecting an elongated C7 transverse process to the upper surface of the first rib 
A fibrous band connecting the neck of the first rib to the mid-shaft 
An anomalous middle scalene muscle with an anterior extension of the distal insertion over the first rib 


Scalenus minimus muscle (see text) 
Scalenus pleuralis muscle (see text) 


A fibromuscular band extending anteriorly from the lower portion of the middle scalene muscle beneath the lower 
trunk and subclavian vessels and attaching to the costal cartilage and sternum 


A fibromuscular band extending anteriorly from the anterior scalene beneath the subclavian vein and attaching to the 


subclavius muscle and costoclavicular joint 


A fibromuscular band along the posterior inner surface of the first rib 


A fibromuscular band along the inner surface of the first rib from the rib neck to the sternum 


Based on data from reference [36] 


Note that other fibromuscular anomalies may exist that do not fit into the Ross classification, e.g., a fibrous band extend- 
ing from the T1 vertebra to the inner surface of the first rib separating T1 from the C8 nerve root [32], a band from the 
C7 transverse process to the middle scalene separating the C8-T1 nerve root and subclavian artery from the C5—C7 
nerve roots [32], a muscular slip from the anterior scalene attaching to the first rib between the subclavian artery and 


brachial plexus [26], etc. 
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Anatomy of the Thoracic Outlet 
and Related Structures 


Richard J. Sanders 


Introduction 


Abstract 

Knowledge of anatomy is the key to understanding the thoracic outlet syn- 
drome (TOS). By definition, TOS is hand and arm symptoms of pain, par- 
esthesia, and weakness due to compression of the neurovascular bundle in 
the thoracic outlet area. While initially the scalene triangle was the focus 
of pathology in TOS, recent studies indicate that more than half of the 
patients thought to have TOS also have associated pectoralis minor com- 
pression, and in some patients this is the only diagnosis. Finally, it is 
important to recognize that the large majority of patients with anatomic 
abnormalities are asymptomatic unless neck trauma is also present — in 
other words, the mere presence of an abnormality does not mean it must 
be treated. Like many medical conditions, both an anatomic predisposition 
plus an environmental stressor are usually necessary for pathology to 
exist. 


minor compression, and in some patients this is 
the only diagnosis [1]. Finally, it is important to 


Knowledge of anatomy is the key to understand- 
ing the thoracic outlet syndrome (TOS). By 
definition, TOS is hand and arm symptoms of 
pain, paresthesia, and weakness due to compres- 
sion of the neurovascular bundle in the thoracic 
outlet area. While initially the scalene triangle 
was the focus of pathology in TOS, recent studies 
indicate that more than half of the patients thought 
to have TOS also have associated pectoralis 
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recognize that the large majority of patients with 
anatomic abnormalities are asymptomatic unless 
neck trauma is also present — in other words, the 
mere presence of an abnormality does not mean it 
must be treated. Like many medical conditions, 
both an anatomic predisposition plus an environ- 
mental stressor are usually necessary for pathol- 
ogy to exist. 


Anatomical Spaces 
There are three anatomical spaces in the thoracic 
outlet area (Fig. 3.1a): The scalene triangle lying 


above the clavicle (Fig. 3.1b); the pectoralis minor 
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Scalene 

triangle 
Costo- 
clavicular 
space 

Pectoralis 
a minor space 


Subclavian artery 
and brachial plexus 





Anterior 
scalene 
c muscle 


1st rib 


Fig. 3.1 Three spaces. (a) Anatomy showing the three 
spaces. (b) Scalene triangle with phrenic nerve passing from 
lateral to medial as it crosses anterior scalene muscle and 


space, below the clavicle (Fig. 3.1c); and the cos- 
toclavicular space between clavicle and first rib. 
The neurovascular bundle, consisting of subcla- 
vian artery, vein, and brachial plexus, travels 
from the scalene triangle into the costoclavicular 
space and then through the pectoralis minor 
space. In this journey there is very little change in 
the vessels or the nerves (Fig. 3.2), and as a result 
the symptoms of nerve or vessel compression are 
about the same for each of the three spaces. The 
scalene triangle, unlike the other two spaces, con- 
tains only the subclavian artery and brachial 
plexus while the subclavian vein lies anterior 
to the triangle, anterior to the anterior scalene 
muscle. 

Clinically, there is a small but significant dif- 
ference in the symptoms of nerve compression in 


scalene muscle 


thoracic nerve 
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Middle 


Anterior 


scalene muscle 
Brachial 


plexus 


Long 


Subclavian artery 
Clavicle 


———Subclavius 
muscle 


Costoclavicular ligament 


Subclavian vein 


long thoracic nerve exiting the middle scalene muscle. (c) 
Costoclavicular space (Reprinted from Sanders and Haug 
[2]. With permission from Lippincott Williams & Wilkins) 


the scalene triangle versus the pectoralis minor 
space. Compression in the scalene triangle is usu- 
ally associated with occipital headaches and 
significant neck pain due to trauma to the scalene 
muscles, while headaches and neck pain are 
absent or minimal when compression is in 
the other two spaces. When the arm is elevated, the 
neurovascular bundle rises against the pectoralis 
minor muscle which probably accounts for the 
onset of symptoms with the hyperextension 
maneuver (180° abduction) (Fig. 3.2) [3] and the 
elevated arm stress test (EAST or Roos test) [4]. 

The costoclavicular space is an area of poten- 
tial compression in cases of clavicular fractures 
and subclavian vein obstruction, but it does not 
seem to be as important in neurogenic (NTOS) or 
arterial (ATOS) (Fig. 3.3). 
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Fig. 3.2 Thoracic outlet and 
pectoralis minor areas. Left 
arm is down, at the side. 
Note the subclavian and 
axillary artery and vein are 
essentially the same vessels 
one above and one below the 
clavicle. Right arm is 
elevated. This raises the 
axillary neurovascular bundle 
against the pectoralis minor 
muscle. This can constrict 
the axillary artery causing 
loss of the radial pulse and 
hand pallor and also pressure 
on the nerves of the brachial 
plexus causing paresthesia in 
the hand 
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triangle 
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Nerves of the 
brachial plexus 
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Fig. 3.3 Costoclavicular Space. Clavicle 
Between the clavicle above and Subclavian A. 
first rib below, all structures in & brachial plexus pn | 


the thoracic outlet area are seen. 
Note the subclavian vein is 
surrounded by costoclavicular 
ligament medially, subclavius 
muscle superiorly, anterior 
scalene muscle posteriorly, and 
first rib inferiorly. The subcla- 
vian vein is the structure most 
often compressed in this area 
and most often by costoclavicu- 
lar ligament and/or subclavius 
muscle tendon 


Cervical Ribs and Anomalous 
First Ribs 


Cervical ribs arise from the transverse process of 
C7 and occur in about one in 140 people (0.7 %). 
They are more than twice as common in women 
than in men (70-30 %) [5]. Anomalous first ribs 
also have an incidence of 0.7 % and are equally 
as common in men as women [5]. The difference 
in gender distribution between the two types of 
ribs has yet to be explained. 

In 1869 cervical ribs were classified into four 
groups [6]. From a clinical viewpoint, however, 
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— — Subclavius 


~ muscle 


Costoclavicular 
lig. 
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there are only two types: Complete or incom- 
plete. About 30 % of cervical ribs are complete, 
and attach to the normal first rib either by a true 
joint or by fusion (Fig. 3.4). Incomplete cervical 
ribs are 0.5—3 cm long and invariably have a very 
tight, thick ligament extending from the tip of the 
cervical rib to the first rib (Fig. 3.5). Both com- 
plete and incomplete cervical ribs lie in the midst 
of the middle scalene muscle where their presence 
renders the scalene triangle tighter than triangles 
without cervical ribs. 

Anomalous first ribs developed congenitally 
and are thinner, tend to lie more cephalad, and 
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Fig. 3.4 Complete cervical 
rib with true joint to first rib 
(Reprinted with permission 
from Sanders [7], p. 1868. 
With permission from 
Elsevier) 


Fig. 3.5 Incomplete 
cervical ribs (Reprinted with 
permission from Sanders and 
Haug [2]. With permission 
from Lippincott Williams & 
Wilkins) 


usually fuse to the second rib rather than the 
sternum as do normal first ribs. Seen on X-rays, 
anomalous first ribs are difficult to differenti- 
ate from cervical ribs. The best way to recog- 
nize them is to identify the T1 transverse 
process of the normal first rib on the contralat- 
eral side and see if the abnormal rib arises from 
the T1 or the C7 transverse process (Fig. 3.6). 
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From a clinical viewpoint both cervical and 
anomalous first ribs act in the same way, and 
differentiation between the two is primarily of 
academic interest only. Either can cause sub- 
clavian artery (ATOS) or brachial plexus 
(NTOS) compression. We have also seen one 
case of venous obstruction by an anomalous 
first rib causing VTOS. 
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Fig. 3.6 Anomalous right 
first rib. Note the normal 
second ribs bilaterally. Then 
note the normal left first rib 
and the anomalous right first 
rib both arising from 
transverse processes of T1 
(Reprinted with permission 
from Sanders [7], p. 1869. 
With permission from 
Elsevier) 


Cervical and anomalous first ribs are usually 
predisposing causes of NTOS. The majority of 
patients who posses them are asymptomatic. When 
symptoms of NTOS occur, it is usually following 
some type of hyperextension neck injury [8]. 


Ligaments and Bands 


A variety of ligaments and bands attached to the 
first rib have been identified and classified [9]. 
These structures are present in 63 % of the nor- 
mal population [10] and, as such, they are at best 
predisposing factors rather than causative factors 
of NTOS. 


Nerves 


In addition to the five nerve roots and their 
branches comprising the brachial plexus, other 
nerves also lie in the thoracic outlet area and are 
of extreme surgical importance. These include the 
phrenic, long thoracic, dorsal scapular, second 
intercostal brachial cutaneous, and supraclavicu- 
lar nerves plus the cervical sympathetic chain. 
Brachial Plexus (BP): The plexus arises from 
nerve roots C5 to C8 plus T1. The five nerve roots 
and the lower, middle, and upper trunks lie in the 
scalene triangle. The anterior and posterior divi- 
sions and cords form at the level of the costo- 
clavicular space. By the time the BP reaches the 





pectoral space the cords and branches have 
formed (Fig. 3.7). 

Phrenic nerve: The phrenic n. arises from 
branches of C3, C4, and C5. The C3 and C4 
branches unite cephalad to the thoracic outlet 
area. As the combined two branches descend they 
cross the anterior scalene muscle (ASM) from lat- 
eral to medial (Fig. 3.1b). The C5 branch usually 
joins C3 and C4 near the spot where these two 
branches begin crossing the ASM, but the exact 
place where C5 joins them is quite variable. In 
some patients the C5 branch runs separately over 
ASM and may join the other two branches in the 
chest, and in a few patients (13 %) the C5 branch 
remains separate all the way to the diaphragm 
(when this occurs the C5 branch is called the 
accessory phrenic nerve) [12]. When performing 
supraclavicular scalenectomy it is important to 
identify the phrenic nerve (and any accessory 
phrenic nerves) before dissecting the ASM to rec- 
ognize and avoid injuring them. The phrenic runs 
on the medial side of ASM in 84 % of necks but 
remains on the lateral side in 16 % [12]. 

Long thoracic nerve: The long thoracic nerve 
is formed by branches of C5, C6, and C7 with 
the C6 branch being the largest and most impor- 
tant. C5 and C6 branches arise cephalad to the 
scalene muscles and travel through the belly of 
middle scalene muscle (MSM) where they unite 
forming a single nerve. As the single nerve 
descends it exits the MSM, crosses the lateral 
edge of first rib (Fig. 3.1b), picks up the C7 
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Fig. 3.7 Brachial plexus. Above the clavicle where the 
scalene triangle lies, the plexus is present as five nerve 
roots (CS through T1) forming three trunks. Just below 
the clavicle in the costoclavicular space the trunks are 


branch, and eventually innervates the serratus 
anterior muscle. The C7 branch arises from the 
posterior aspect of C7, 2-4 cm below the top of 
ASM. It is a small branch which descends below 
the clavicle before it joins CS and C6. However, 
in a minority of patients the C7 branch unites 
with the other two branches in the belly of MSM. 
When performing middle scalenotomy or scale- 
nectomy it is vital to dissect a few fibers at a time 
until the long thoracic branches are identified so 
they can be preserved. 

Dorsal scapular nerve: The dorsal scapular 
nerve is the first branch arising from the C5 
nerve root. It usually arises close to the C5 
branch of the long thoracic nerve and the two 
branches descend a short distance together until 
the dorsal scapular nerve separates in the cephalic 
part of the MSM exiting through the lateral edge 
of that muscle and descending to innervate the 
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3 Posterior 
divisions 
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starting to form divisions. Where the plexus travels 
through the pectoralis minor space the cords and branches 
appear (Reprinted from Grant [11]. With permission from 
Lippincott Williams & Wilkins) 


rhomboid muscles and a portion of the levator 
scapulae muscle. Unlike the long thoracic nerve 
branches, the dorsal scapular nerve is only on 
the superior-lateral edge of MSM dissections; it 
is often not seen and easy to avoid. 

Cervical sympathetic nerve chain: The cer- 
vical sympathetic nerve chain lies on the ante- 
rior surface of the cervical transverse processes, 
and is not seen when performing supraclavicular 
scalenectomy. However, when cautery is used to 
control bleeding from the MSM at the transverse 
process of scalene muscle origins, the electric 
current can reach the sympathetic nerve chain 
causing a Horner’s syndrome. The Horner’s may 
heal itself after a few months, but in some 
patients it is permanent. This can be avoided 
surgically by not dividing the scalenes on the 
transverse processes. It is best to stay at least a 
few mm away. 
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Fig. 3.8 Relationship of 
subclavian vein between 
clavicle and first rib. 
Subclavian vein can easily be 
compressed by costoclavicu- 
lar ligament, subclavius 
tendon, or anterior scalene 
muscle (Reprinted with 
permission from Sanders and 
Haug [2], p. 236. With 
permission from Lippincott 
Williams & Wilkins) 
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Subclavian and Axillary Vessels 


The axillary artery and vein are continuations of 
subclavian vessels as they move laterally beneath 
the pectoralis minor muscle. Each vessel has a 
few small branches, but functionally the axillary 
artery and subclavian artery are regarded as a 
single large vessel traversing the thoracic outlet 
(the same is true of their accompanying veins). 
Only the subclavian artery lies in the scalene tri- 
angle while the subclavian vein lies anterior to 
the triangle, anterior to the ASM. 

The subclavian vein is bounded by the sub- 
clavius tendon above, first rib below, ASM laterally, 
and costoclavicular ligament medially (Fig. 3.8). 
When the vein lies a little too medial, it lies against 
the costoclavicular ligament which sets up condi- 
tions for venous injury and subsequent thrombosis. 

Prevenous phrenic nerve: In over 90 % of 
subjects the phrenic nerve descends into the chest 
posterior to the subclavian vein. In 5-7 % of 
patients, however, the phrenic lies superficial to 
the vein [13-15], and in this circumstance can 
partially obstruct the vein, a situation which has 
twice been reported [2, 16] (Fig. 3.9). 


Scalene and Pectoralis Minor Muscles 
The ASM and MSM originate at the transverse 


processes of the cervical spine and insert on the 
first rib. Hyperextension neck injuries stretch and 
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Fig. 3.9 Prevenous (anterior) phrenic nerve obstructing 
the subclavian vein (Reprinted with permission from 
Sanders and Haug [2], p. 237. With permission from 
Lippincott Williams & Wilkins) 


tear some of the muscle fibers which then heal in 
part by forming scar tissue. The scarred muscle 
replaces the normal soft muscle which com- 
presses the nerves of the brachial plexus causing 
the symptoms of NTOS. 

The pectoralis minor muscle (PMM) originates 
on the anterior surfaces of ribs 3, 4, and 5 and inserts 
on the coracoid process of the scapula after passing 
over the top of the neurovascular bundle. When sur- 
gically dividing the PMM at the coracoid, remov- 
ing 2 cm of the muscle will prevent the muscle end 
from reattaching to the top of the neurovascular 
bundle. Because the pectoral nerve to the pectoralis 
major muscle runs through PMM to reach the pec- 
toralis major, care must be taken to avoid excising 
too much PMM to protect the pectoralis nerve. 
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Thoracic Duct 


In the left neck the thoracic duct lies just posterior 
and inferior to the clavicle in the scalene fat pad. 
In addition, a fine network of tiny lymph channels 
run along the internal jugular vein. The lymph ves- 
sels are best avoided by being aware of the normal 
location of these structures. In supraclavicular 
TOS operations in the left neck, by avoiding dis- 
section of the fat pad below the clavicle and by 
avoiding separating the fat pad from the internal 
jugular vein, lymph leaks are minimized. Following 
these guidelines will reduce lymphatic leaks, but 
will not totally eliminate them. In the right neck 
the only lymphatics are along the internal jugular 
vein, and lymph leaks in the right neck are rare. 











Distribution of Pathology 


The scalene triangle has traditionally been 
thought to be the space involved in over 95 % of 
patients with NTOS. Since recognizing the neu- 
rogenic pectoralis minor syndrome (nPMS) in 
2004, more than 75 % of patients we have seen 
for NTOS seem to have nPMS; 70 % of them 
combined with NTOS (a double crush syndrome 
[17]) while the other 30 % have nPMS alone 
(unpublished data by author RJS). 
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Clinical Incidence and Prevalence: 
Basic Data on the Current Scope 


of the Problem 


Jason T. Lee, Sheldon E. Jordan, and Karl A. Illig 


Abstract 


The incidence and prevalence of TOS in the US is somewhat of an enigma, 
largely due to the absence of objective criteria for diagnosis and inconsis- 
tent reporting standards, but there are approximately 2,000 to 2,500 first 
rib resections performed in the US per year. This is a disease of younger 
individuals that has significant impact on the working cohort and can lead 
to significant disability and lost productivity if not recognized and treated. 
Surgery done for TOS in the United States is performed mostly for neuro- 
genic reasons, and with excellent outcomes as a whole. Morbidity and 
mortality is minimal, and the majority of operations are being performed 
by vascular surgeons. The best outcomes are found in centers of higher 
volume and in teaching institutions. A better understanding of the inci- 
dence and prevalence of this condition will help the primary care physi- 
cians who initially hear about vague complaints and symptoms and must 
recognize these quickly enough to refer to the appropriate specialist for 


prompt therapy. 
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K.A. Illig et al. (eds.), Thoracic Outlet Syndrome, 


Thoracic outlet syndrome (TOS) continues to be 
a controversial diagnosis. Initially described in 
1818, the term “TOS” was coined in 1956 by 
Peet et al. [1], and can grossly be categorized as 
vascular (arterial or venous) or neurogenic. While 
patients with vascular TOS present more objec- 
tively due to reproducible abnormalities, the lack 
of uniform imaging and diagnostic criteria for 
neurogenic TOS makes estimations of the overall 
incidence and prevalence of TOS particularly 
problematic, and in fact there has been significant 
controversy in some circles as to even the very 
existence of NTOS [2, 3]. 

Part of the diagnostic dilemma that impedes 
our understanding of the epidemiology of TOS is 


25 


DOI 10.1007/978-1-4471-4366-6_4, © Springer-Verlag London 2013 


26 

historical, and stems from the strict diagnostic 
criteria of “true” NTOS outlined by Gilliatt et al. 
in 1970 [4]. Distinct anatomic and electrophysi- 
ologic findings include low compound muscle 
action potentials in the thenar and intrinsic mus- 
cles, abnormal sensory conduction of the ulnar 
nerve, prolonged F-wave latency of the ulnar 
nerve, and abnormal sensory conduction of the 
medial antebrachial cutaneous nerve. Because it 
is rare that patients evaluated meet these criteria 
for true NTOS (estimated at one case per million 
population), Wilbourn introduced the phrase 
“disputed” or nonspecific NTOS (NNTOS) [3]. 
Symptoms of patients with NNTOS will typically 
include arm discomfort, paresthesias of the inner 
surface of the hand and forearm, and weakness 
and atrophy of the thenar and intrinsic hand mus- 
cles of the affected side. 

In a review of most series of surgery for neuro- 
genic TOS, it is likely the majority of surgical 
patients include nonspecific NTOS, and when that 
is taken into account, most agree that neurogenic 
TOS is much more common than vascular TOS at 
a 20:1 ratio [5]. In terms of actual incidence in the 
United States population, estimates of cases of 
TOS range from 3 to 80 per 1,000 population [6]. 
Again, however, poor diagnostic criteria and lack 
of uniform definitions make this number an esti- 
mate, and given not all patients are surgical candi- 
dates or eventually get referred to surgery it makes 
the estimate potentially less accurate. One report 
found that patients with TOS are seen by an aver- 
age of 4.7 physicians before appropriate conser- 
vative measures are instituted and by 6.7 
physicians before surgery is performed [7]. 

Knowing that all forms of TOS are related to 
usage of the upper extremities, most consider the 
basic pathophysiology related to overuse injury, 
which further helps us understand and anticipate 
the population at risk. Patients with neurogenic 
varieties of TOS usually present in their 30s—50s 
and are more often women, with up to half of 
patients having a history of a hyperextension neck 
or shoulder injury such from an automobile acci- 
dent or a fall to the floor [8]. Also very common is 
a work-related injury caused by repetitive move- 
ments or static posture. Occupations including 
secretarial work, manual labor, lifting of objects 
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for delivery, truck drivers, and even surgeons are 
considered high-risk occupations for TOS. 
Predisposing anatomic factors to TOS include cer- 
vical ribs, anomalous first ribs, and congenitally 
narrowed scalene triangles. Cervical ribs are pres- 
ent in less than | % of the general population and 
are implicated as a predisposing factor in surgical 
TOS cases. Another common presentation is ath- 
letes with repetitive upper limb movements includ- 
ing swimmers, divers, water polo players, rowers, 
baseball pitchers, and football quarterbacks [9]. 
Athletes do not necessarily have a higher inci- 
dence, though, of TOS. Patients with anatomic 
risk factors will more often have vascular TOS, 
particularly venous TOS, in addition to neurogenic 
varieties of TOS, and often present in their 20s— 
30s. It is thought that arterial TOS, likely the most 
rare of all forms of TOS, is the most common 
cause of acute arterial thrombosis of the upper 
extremities in patients younger than 40 [10]. 
While most experts believe that obvious ana- 
tomic abnormalities coupled with TOS likely have 
a good outcome when the anatomy is corrected 
surgically, unfortunately the majority of patients 
do not have a cervical rib, abnormal band, or 
abnormal muscle slip. This leads to often conser- 
vative approaches when it comes to surgical inter- 
vention for TOS, particularly for NTOS that 
accounts for over 90 % of cases. To better under- 
stand the national perspective on surgery for TOS, 
we reviewed a decade’s experience from United 
States administrative databases to get a snapshot 
of outcomes related to surgery for TOS [11]. 
ICD-9 procedure codes for rib resection and 
scalenectomy were linked back to specific diag- 
nostic codes for either axillary/subclavian aneu- 
rysm or embolism (arterial TOS), subclavian 
DVT or thrombolysis procedure (venous TOS), 
and all others were considered operated upon for 
neurogenic etiologies. Over the past decade the 
number of cases performed for TOS in the United 
States remained relatively stable (Fig. 4.1). Of 
the 25,642 TOS operations coded in the National 
Inpatient Sample over 10 years, 96.7 % were 
done for neurogenic causes, 2.8 % for venous 
issues, and 0.5 % for arterial pathology. Most 
operations (<75 %) are performed in teaching 
hospitals, and the majority (>50 %) are done by 
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Fig. 4.1 The number of first 
rib resections performed in 
the United States from 1998 
to 2007 (Reprinted from Lee 
et al. [11]. with permission 
from Elsevier) 


4,000 ; 
3,600 
3,200 
2,800 
o 2,400 
E 
= 2,000 
> 
® 1,600 
© 
© 1,200 
800 
400 





 Neurogenic TOS 


XO Venous TOS 





B Arterial TOS 





1998 1999 


vascular surgeons. Neurogenic patients tend to be 
in their 30s-40s, compared to venous TOS 
patients in their 20s—30s, confirming what was 
postulated and observed in previous studies. Most 
importantly, high volume centers (>15 cases/ 
year) outperformed low-volume centers in terms 
of lower complication rates, and has also been 
corroborated in teaching hospitals vs. non-teaching 
hospitals [12]. 

In summary, the incidence and prevalence of 
TOS in the United States is somewhat of an 
enigma. Poor diagnostic and _ radiographic 
confirmation challenge the accuracy of making a 
diagnosis of neurogenic TOS, and the relatively 
rarity of vascular forms of TOS compared to neu- 
rogenic type TOS further impairs accurate record 
keeping. It is clear though this is a disease of 
younger individuals that has significant impact on 
the working cohort and can lead to significant dis- 
ability and lost productivity if not recognized and 
treated. Surgery done for TOS in the United States 
is performed mostly for neurogenic reasons, and 
with excellent outcomes as a whole. Morbidity 
and mortality is minimal, and the majority of 
operations are being performed by vascular sur- 
geons. The best outcomes are found in centers of 
higher volume and in teaching institutions, which 
is not a surprise, given the nuances of both the 
diagnostic and treatment algorithms for surgical 
intervention. Future studies will need to focus on 
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better delineation and distinguishing forms of 
TOS to better recognize presentations and cohorts 
at higher risk for disability. Finally, a better under- 
standing of the incidence and prevalence will help 
the primary care physicians who initially hear 
about vague complaints and symptoms and must 
recognize these quickly enough to refer to the 
appropriate specialist for prompt therapy. 


Editorial Note: Frequency of 
Undiagnosed Thoracic Outlet 
Syndrome in Medical Office Workers 


In our UCLA Vascular Surgery affiliated clinic, 
we prospectively evaluated subjects to determine 
the prevalence of NTOS in office workers not 
seeking medical attention. Twenty five office 
workers were examined with stress maneuvers, 
ultrasound examinations and application of a sen- 
sitive symptom survey instrument to detect mild 
levels of disability in everyday activities (CBSQ). 
Seven (28 %) complained of pain, fatigue and par- 
esthesias with overhead activity on the CBSQ and 
had concordant symptoms with EAST consistent 
with a subclinical NTOS condition. Of the seven 
subclinical cases of NTOS, 5 (71 %) obliterated 
the radial pulse with 90° arm abduction and 4 
(57 %) had ultrasound velocities of over 300 cm/s 
or showed an occlusion pattern for the subclavian 
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artery during abduction. Five out of 18 (28 %) of 
the others without NTOS had loss of radial pulses 
with abduction and only 2 (11 %) had ultrasound 
velocities over 300 cm/s with abduction. Positional 
symptoms and signs are ubiquitous in subjects not 
seeking medical attention. 
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Part Il 


Neurogenic TOS: General Principles 


While exact proportion varies widely by practice, the majority of patients 
with problems at the thoracic outlet present with neurogenic compression — 
neurogenic thoracic outlet syndrome (NTOS). Proportional estimates in sur- 
gical populations range from 60 % (practitioners with an interest in venous 
TOS) to 98 % (the “classic” textbook description); neurologists may see only 
those with neurogenic symptoms. NTOS is felt to be caused by compression 
of the brachial plexus within the scalene triangle, as a result of narrowing of 
the space (bony deformity, muscular injury and fibrosis, or congenital predis- 
position) or inflammation of the plexus itself. Very closely related is the con- 
cept, only recognized in the past decade, that the nerves can also be compressed 
by the insertion of the pectoralis minor muscle, pectoralis minor syndrome 
(PMS). Whether a subgroup of NTOS or a separate entity that falls within the 
“double crush” concept is unknown, but as it is also commonly treated by 
NTOS physicians it is thoroughly dealt with here as well. 

The classic patient with NTOS is found to have four general groups of 
symptoms and signs: Pain and numbness in the extremity, pain in the areas 
surrounding the base of the neck (including axilla, chest wall, breast, upper 
back, neck, and head), tenderness at the area of pathology (scalene triangle in 
classic NTOS and deltopectoral groove in PMS), and worsening of symp- 
toms, especially in the hand and forearms, with maneuvers that either close 
off the triangle (arms overhead) or stretch the plexus (arms dangling; walking 
or driving with the arm unsupported). In addition, the majority, if thoroughly 
examined, report a history of trauma (some believe that trauma underlies all 
cases of NTOS, and if truly not described, that this trauma was minor enough 
to be forgotten). Many, many people are referred to TOS-focused practices 
with shoulder and hand symptoms, and the job of an interested practitioner is 
to rule out carpal tunnel syndrome, ulnar nerve entrapment, intrinsic shoulder 
problems, disk herniation, and many other problems. This is not at all an easy 
task, in part because of the lack of objective diagnostic criteria for this syn- 
drome, and, at a deeper level, a lack of consensus as to what the syndrome is 
defined as. We have no gold standard, which significantly impairs our ability 
to identify lesions seen on imaging, as well. 
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The treatment of NTOS has evolved over the 
years, with surgical solutions ranging from scale- 
nectomy alone to complete removal of most of 
the muscles and the entire rib with extensive neu- 
rolysis from the supraclavicular approach. 
Recently, significant interest has arisen in both 
diagnostic and therapeutic block techniques, 
which, if done correctly, seems to correlate well 
with surgical outcomes. 

Essentially no prospective randomized data 
exist in this field. However, our knowledge is 
shaped by a respectfully large body of individual 
series, at times spanning more than three decades 
and describing more than 1,000 patients. Some 
complain that the patients never get any better, 
while others feel that their success rates with sur- 
gery are excellent. The latter group has somehow 
figured out how to identify those patients who 


truly “have” NTOS —- in other words, NTOS 
defined as those who improve with decompres- 
sion done correctly. This suggests that there really 
is such a group — and our task, in the early twenty- 
first century, is to translate the “gut feelings” of 
those who see success into objective criteria that 
all can use. 

The following section will explore this subject 
in detail, and present conventional and alternative 
points of view for each step in the treatment of 
these patients. Many surgical and nonsurgical 
options exist, and the benefits and failings of each 
will be discussed. Many, many patients see dra- 
matic, life-changing benefit from proper treatment 
of this syndrome. How do we translate this into 
better patient care today, and how do we analyze 
such results to bring treatment of this syndrome to 
the same level as the rest of what we do? 
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Abstract 

Thoracic outlet syndrome (TOS) is a real but uncommon syndrome, and, 
as a result diagnosis is often delayed and referral to a specialist frequently 
comes later than the patient and physician would like. It is actually a spec- 
trum of diseases, potentially involving the arteries, veins, or nerves (and 
these usually occur separately). By far the most common is neurogenic 
TOS (NTOS). This can be thought of as a chronic compressive brachial 
plexus problem — essentially a chronic compartment syndrome of the bra- 
chial plexus. 

Considerable controversy and confusion exists regarding this problem. 
The entity is also associated with a high incidence of insurance claims, 
workman’s compensation issues, and litigation. For these reasons and 
more, the current role of the primary care physician is probably identification 
that this problem potentially exists and referral to an interested and com- 
petent specialist. 

In general, a putative diagnosis depends on three things: proper history, 
suggestive physical examination, and absence of obvious alternative diag- 
noses. An example of the first is a patient who complains of shoulder, 
neck, head, chest and arm problems with activity, elevation, or dangling, 
the second one with supraclavicular or infraclavicular tenderness, and the 
third absence of obvious cervical disk, rotator cuff, or carpal tunnel pathol- 
ogy. If these general findings are present, referral to a specialist is 
indicated. 
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or nerves (and these usually occur separately). By 
far the most common is neurogenic TOS (NTOS). 
This can be thought of as a chronic compressive 
brachial plexus problem — essentially a chronic 
compartment syndrome of the brachial plexus. 
Such compression can occur at the scalene trian- 
gle, pectoralis minor insertion site, or both. 

Considerable controversy and confusion exists 
regarding this problem — for example, there has 
not been a multi-author textbook on this topic 
until now. The entity is also associated with a 
high incidence of insurance claims, workman’s 
compensation issues, and litigation. For these 
reasons and more, the current role of the primary 
care physician is probably identification that this 
problem potentially exists and referral to an inter- 
ested and competent specialist. 

In general, a putative diagnosis depends on 
three things: proper history, suggestive physical 
examination, and absence of obvious alternative 
diagnoses. The classic example of the first is a 
patient who complains of shoulder, neck, head, 
chest and arm problems with activity, elevation, 
or dangling, the second one with supraclavicular 
or infraclavicular tenderness, and the third 
absence of obvious cervical disk, rotator cuff, or 
carpal tunnel pathology. If these general findings 
are present, referral to a specialist is indicated. 





Epidemiology 


NTOS is a rare entity, and as such the true inci- 
dence of NTOS is unknown — ominously, esti- 
mates vary from | to 80,000 per million! [1, 2]. 
Approximately 3,000 first rib resections are per- 
formed in the United States per year, an incidence 
of ten per million per year who undergo opera- 
tion for any form of TOS. One of the difficulties 
in assessing the incidence of NTOS is the lack of 
reliable and reproducible sets of signs, diagnostic 
criteria, and objective laboratory tests, the latter 
factor being perhaps most important. NTOS is a 
candidate for the most poorly understood entity 
“commonly” seen in primary care and general 
surgical practices. A busy TOS surgeon serving a 
population of about 2,000,000 persons will see, 
for example, about five or ten patients per month 
(only half of whom will have obvious NTOS), 


K.A. Illig and D.M. Donahue 





suggesting a true “new patient incidence” of 
about five per million persons per year. It is cer- 
tainly an entity that most primary care providers 
should be familiar with. 


Diagnosis 


NTOS is a rare disease for which diagnostic cri- 
teria are subjective and medicolegal and work- 
man’s compensation issues significant, so most 
feel that the goal of the primary care physician 
should not be to make the definitive diagnosis (or 
provide definitive treatment) but rather to iden- 
tify the group of patients who have a fairly high 
likelihood of having the syndrome. In other 
words, his or her level of suspicion should maxi- 
mize sensitivity — all patients who might have 
TOS should be identified, even at the risk of some 
false positives. Specificity (everyone you think 
has TOS actually has it, but you miss some of 
those who have more subtle symptoms) and accu- 
racy (you are always correct) are less important. 
Sending a patient to a specialist who is subse- 
quently found to have something else is quite 
inexpensive and safe (and results in a happy 
patient), but denying early diagnosis and proper 
treatment to someone who ends up having NTOS 
is damaging to all. In other words, the primary 
care provider should cast a wide net and have a 
low index of suspicion. Many patients suffer 
symptoms for years without the diagnosis being 
considered, so increasing the level of suspicion 
for this entity will be of significant value. 

The task of this chapter is thus to identify fac- 
tors which should trigger an acceptable level of 
suspicion at the primary care level and lead to 
specialty referral. In general, there are three 
things which should trigger consideration of this 
diagnosis: An appropriate history, appropriate 
signs on physical examination, and absence of 
more common alternative diagnoses. 


History 


NTOS is essentially a compressive brachial 
plexopathy or “compartment syndrome” of the 
brachial plexus. Two reasonable hypotheses 
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exist: first, the space surrounding the plexus is too 
small for the structures that pass through it, and, 
second, there is inflammation of the plexus (the 
plexus is “too big’). Such compression potentially 
occurs at two locations — the scalene triangle and 
the insertion of the pectoralis minor muscle on the 
coracoid process of the scapula (See Chap. 15). 

Such compression causes temporary or per- 
manent dysfunction of the nerves. Almost always, 
this injury is manifest as sensory changes; motor 
changes occur very late and, if present, indicate 
longstanding disease (see Chap. 10). Clinically, 
this is manifest as peripheral pain and numbness. 
Because local sensory nerves exit the plexus after 
the site of compression, it is very common to see 
upper arm, axillary, chest wall, trapezius, and 
occipital pain (such pain can also be the result of 
spasm and/or compensatory activation of neck 
muscles). Such a problem is often created by an 
event that stretches the plexus itself — a side-to- 
side whiplash injury, an injury that stretches the 
arm, or chronic workplace injury. 

Exacerbating factors are critically important. 
Most commonly the symptoms described above 
are exacerbated by one of two things: Things that 
stretch the plexus (walking or driving with arms 
unsupported) or things that narrow the scalene 
triangle (arms overhead). The presence of either — 
most notably “it’s worse when I put my arms over 
my head” — is a tipoff that NTOS may be 
present. 





Physical Examination 


Findings on examination very closely match what 
would be expected if this were a compressive 
problem at the brachial plexus or pectoralis minor 
insertion site — the area would be tender. Patients 
with NTOS almost invariably have point tender- 
ness at one of two locations: the scalene triangle, 
low in the neck anterior to the sternocleidomas- 
toid, or the pectoralis minor insertion site, just 
inferior to the mid- to medial portion of the clav- 
icle. The typical patient with NTOS will be exqui- 
sitely tender to minor palpation, to the point that 
they violently withdraw. They may also have dis- 
tal (hand and arm) neurologic symptoms repro- 
duced by even minor palpation in these areas. 





It should be noted that loss of pulses with arm 
abduction is quite common, and does not mean 
that NTOS (or any problem) exists. However, 
the subclavian artery runs through the scalene 
triangle along with the nerves, and thus arterial 
compression often occurs in patients with NTOS. 
Although many maneuvers are described, prob- 
ably the only one of value at this point in the 
evaluation is the elevated arm stress test (EAST) 
which, in its simplest form, consists of having 
the patient perform repetitive hand opening and 
closing with arms overhead. Patients with NTOS 
will note (usually immediate) numbness, tin- 
gling, and pain on the affected side(s). 

The presence of these symptoms and signs do 
not establish a diagnosis of NTOS, but do indi- 
cate that the diagnosis should be considered and 
further evaluation by an experienced specialist is 
warranted. 





Exclusion of Other Problems 


Finally, it is appropriate for the primary care pro- 
vider to be able to exclude certain problems that 
may lead to symptoms suggestive of NTOS. The 
most common is cervical spine disease, which may 
include pathology of the intervertebral disc, facet 
or uncovertebral joints. Such a patient will likely 
not have supraclavicular tenderness, is more likely 
to have objective motor dysfunction, may have 
more acute pain, and is more likely to have pain 
with pressure applied to the vertex with the head 
extended (Spurling’s test). In addition, putting the 
arm overhead typically relieves the pain of an 
acutely herniated disk, while it worsens symptoms 
due to NTOS. Occasionally carpal tunnel syndrome 
can be confused with NTOS. Such a patient, how- 
ever, should not have any supraclavicular tender- 
ness, should have minimal to no shoulder, neck, 
and chest symptoms, and should have tingling and 
reproduction of symptoms after tapping of the car- 
pal tunnel (Tinel’s sign). Rotator cuff pathology 
can also be confused with NTOS, but such a patient 
will have tenderness more laterally in the shoulder, 
absence of numbness and tingling distally, and 
absence of supraclavicular tenderness. 

In general, while absence of supraclavicular 
or pectoralis minor insertion site tenderness does 
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not necessarily exclude NTOS, any patient with 
significant tenderness at either of these locations 
should be considered to have NTOS and referred 
to an appropriate specialist. 





What to Do Next 


In general, recognition that NTOS might exist is 
enough to trigger a proper referral (and enough to 
gain the lifelong gratitude of your patient). One 
test is helpful to order before referral: Cervical 
spine radiographs. It is best to note “possible 
TOS;” this will alert the radiographer to pay spe- 
cial attention to the presence or absence of cervical 
ribs — if they are found (in the settings of appro- 
priate symptoms), they significantly increase the 
chances of TOS in general being present. 





What Not to Order 


Nerve conduction studies and cross-sectional 
imaging (CT or MR) have not been shown to 
affect decision-making or outcomes in patients 
with NTOS. While the academic and research 
implications of both are fascinating, this is best 
left up to the TOS specialist, as protocols are 
complex, individualized, and primarily of research 
interest at this time. 


Summary 


The role of the primary care provider is to have this 
diagnosis in mind, and because this is a rare dis- 
ease with substantial morbidity (and medicolegal 
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risk if not identified in a timely fashion), it is 

probably best to “cast a wide net” — maximize the 

sensitivity of one’s diagnostic algorithm. As such, 

any of the following should immediately suggest 

that NTOS should be considered: 

¢ Hand and arm numbness, tingling, and/or pain 
worsened by positioning the arms overhead or 
dangling, 

¢ Hand and arm numbness, tingling, and/or pain 
with any degree of supraclavicular fossa or 
infraclavicular point tenderness, and 

¢ Hand and arm numbness, tingling, and/or pain 
without another clear diagnosis. 

These correspond to the three points above: 
something by history that suggests compression 
at the brachial plexus, something by exam that 
suggests inflammation and irritation at the sca- 
lene triangle or pectoralis minor insertion site, 
and absence of other things that are common and 
obvious. A cervical spine radiograph is the only 
pre-specialist objective test necessary. 

NTOS is a real diagnosis, but one that is often 
made late — delayed by years in some cases. 
Outcomes, in turn, depend on the time from 
symptom onset to therapy (surgical and nonsurgi- 
cal). If the primary care physician has a reason- 
able level of suspicion and can make the diagnosis 
early, he or she has significantly impacted the life 
of a patient. Do this and you are a hero. 
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Anatomy and Pathophysiology 
of NTOS 


Richard J. Sanders 


Introduction 


Abstract 

Neurogenic TOS is usually due to a combination of predisposing factors 
and a hyperextension neck injury. Predisposing factors include cervical rib 
variants and anomalous first ribs, a narrow scalene triangle, and various 
congenital bands and ligaments. The most common trauma is a whiplash 
injury, usually from a motor vehicle accident. The pathophysiology is felt 
to begin with trauma to the scalene muscles causing tearing of muscle 
fibers and hemorrhage with subsequent replacement of the blood with 
microscopic scar tissue throughout the scalene muscles. The now-tight 
muscles compress the nerve roots and trunks of the brachial plexus, subse- 
quently causing the classic symptoms of extremity pain, paresthesias, and 
weakness. Further, the injured scalene muscles lead to neck pain and 
occipital headaches which are referred from the transverse process muscle 
origin. 


Predisposing Factors 


The usual etiology of neurogenic thoracic outlet 
syndrome (NTOS) is the combination of one or 
more predisposing anatomical variations or 
anomalies combined with a hyperextension neck 
injury. The eventual pathology created by this 
combination of factors is scarred scalene muscles 
which then compress the brachial plexus to pro- 
duce symptoms. 
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Relatively minor trauma is a part of life, but some 
people are more likely than others to develop 
symptoms of NTOS, probably because they have 
variations of what is considered normal anatomy. 
Such a predisposition doesn’t cause NTOS, but 
rather renders a person more likely to become symp- 
tomatic when a hyperextension neck injury occurs. 


Scalene Muscle Variations Associated 
with NTOS 


The width of the scalene triangle varies 
between 0.1 and 2.2 cm, averaging 1.1 cm [1]. 
In a cadaver study it was observed that 29 % of 
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Fig. 6.1 Range of width of scalene triangle. (a) Usual 
width seen in cadavers. This is wider and nerves emerge a 
little lower than is seen in most NTOS patients. (b) Narrow 
tight triangle, the type seen in most NTOS patients. Nerves 


scalene triangles were narrow compared to 
39 % in NTOS patients (Fig. 6.1) [2]. In the 
same study, interdigitating muscle fibers 
between the anterior (ASM) and middle sca- 
lene muscles (MSM) were found to be much 
more common in patients undergoing opera- 
tion for NTOS — present in 50 % of cases — than 
in control cadavers (23 %), a difference that 
was highly significant. [2]The emergence of 
the C5 and C6 nerve roots were found to be 
high in the apex of the scalene triangle in 80 % 
of patients operated on for NTOS as compared 
to only 40 % of cadaver controls, again highly 
significant. [2] Finally, adherence of the ASM 
to the C5, C6, and C7 nerve roots was found to 
be much more common in patients operated 
upon for NTOS as compared to cadaver con- 
trols, being present in 90 % vs. 29 %, 91 % vs. 
40 %, and 62 % vs. 14 %, respectively, and 
adherence of the MSM to C5 and C6 was found 
in 61 % of NTOS patients vs. 32 % of controls 
and 72 % of NTOS patients vs. 35 % of con- 
trols respectively. It should be noted that 
although this may reflect a causative factor, 
this high incidence of adherence could also be 
secondary to the original muscle trauma that 
caused the NTOS [2]. 


emerge higher and are in contact with muscle (Reprinted 
from Sanders and Roos [2]. With permission from Bobit 
Publishing) 


Scalene Muscle Variations That 
Do Not Correlate with NTOS 


Congenital bands and ligaments have been 
classified into nine groups by Roos [3]. One or 
more of these are present in the majority of NTOS 
patients, but also in a high number of asymptom- 
atic controls [4], and because most of the popula- 
tion has some such band it is unlikely that these 
represent significant predisposing factors for 
NTOS. In the cadaver study cited above, splitting 
of ASM around C5 and C6 was actually more 
common in cadavers (45 %) than in patients oper- 
ated upon for NTOS (23 %) [2]. Although this 
finding has been regarded by some as a predispos- 
ing factor, the data suggest the opposite. Finally, 
the presence of a scalene minimus muscle has 
been suggested as a predisposing factor for NTOS. 
Scalene minimus muscles, however, are found in 
as many as 71 % of (normal) cadavers [5]. 


Cervical and Anomalous First Ribs 
Cervical ribs and anomalous first ribs occur in 


less than | % of the population, but the incidence 
of such anomalies in patients operated upon for 
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Fig. 6.2 (a) Control scalene muscle. Note equal 
distribution of type I and type II fibers. Also note minimal 
amount of connective tissue surrounding each muscle cell. 
(b) Scalene muscle of NTOS patient. Note predominance 
of type I fibers and decrease of type II fibers as well as 


NTOS ranges from 4.5 to 57 % [6]. Most patients 
with cervical ribs are asymptomatic throughout 
their lifetimes. The onset of symptoms is pre- 
ceded by neck trauma in 75 % of patients with 
incomplete cervical ribs, and in 50 % of patients 
with complete cervical ribs. In these patients the 
cervical or anomalous first rib remains a predis- 
position while neck trauma is still required for 
the syndrome to develop. However, the presence 
of an abnormal rib can be highly suggestive in 
patients who develop symptoms of NTOS with- 
out a clear history of neck trauma. 


Pathology 
Study of scalene muscles resected from NTOS 


patients has revealed two types of significant 
changes. First, the incidence of scar tissue 


a\ 





type II atrophy and anisocytosis. Also note the large 
increase in connective tissue (or scar tissue) around 
individual muscle fibers (Reprinted from Sanders and 
Haug [7]. With permission from Lippincott Williams & 
Wilkins) 


(or connective tissue) is three times greater in 
NTOS patients than in controls (36 % vs. 14.5 %, 
p=< 0.001) (Fig. 6.2). Second, there is a 
significant reduction of type II fibers (from 47 % 
average to 22 %) and an increase in type I fibers 
(from 53 % average to 78 %). The type II fibers 
that remain, in addition, are atrophic and 
anisocytotic [8, 9]. 


Pathophysiology 
Post-traumatic Onset 


The large majority of NTOS patients give a 
history of some type of hyper-extension neck 
injury preceding the onset of symptoms. 
Whiplash injuries in motor vehicle accidents is 
the most common cause, but other causes include 
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falls on ice, slippery floors, or downstairs, and 
athletic injuries. In these patients the usual 
sequence of symptom development is neck pain 
within the first 24 h followed within a few days 
by headaches and pain over the trapezius mus- 
cles. Anywhere from a few days to a several 
weeks later pain moves into the upper extremi- 
ties and paresthesia develop in the fingers and 
hands. The major microscopic change seen, as 
noted above, is a significant increase in scar tis- 
sue spread diffusely throughout the scalene 
muscles. 

Putting the history of an injury together with 
the pattern of symptom development and subse- 
quent muscle pathology, a plausible explanation 
for the pathophysiology emerges. Following such 
an injury the initial neck pain is due to two things: 
cervical spine neck strain and acute tearing of the 
scalene muscle fibers. There is probably some 
intramuscular hemorrhage which causes muscle 
swelling and increased neck pain over the first 
few days. The symptoms of arm pain and par- 
esthesia that develop in the first few days are 
probably due to swelling of the injured scalene 
muscles. If the muscle injury is mild enough so 
that there is minimal swelling, arm pain and par- 
esthesias may not appear for a few weeks. These 
later arm and hand symptoms are then due to the 
healing process within the scalene muscles as 
intramuscular blood is absorbed and replaced by 
fibroblasts and collagen, resulting in scarring and 
overly tight muscles. Since the nerve roots are 
usually in contact with the scalene muscles, when 
the muscles become scarred they compress the 
nerve roots. It should be stressed that even though 
these muscles appear normal when viewed dur- 
ing surgery, the microscopic picture is not 
(Fig. 6.2). As discussed above, the predominance 
of type I and reduction of type II muscle fibers 
along with the significant fibrosis seen further 
confirms that there has been significant structural 
changes in the muscles. 

In addition to the objective pathology described 
above, other lines of evidence further implicate 
the scalene muscles as the primary site of pathol- 
ogy in most cases. Scalene muscle block with 
local anesthetic can temporarily relieve symptoms 
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and reverse physical findings within a few minute 
of injection, and correlates well with outcomes 
(See Chap. 20). Finally, most clinicians and 
investigators believe that surgically dividing or 
removing the scalene muscles is required for 
successful outcomes after thoracic outlet decom- 
pression for NTOS. 





Repetitive Stress Injury (RSI) 


People who perform repetitive activities (espe- 
cially with the hands and arms in an awkward or 
fixed position) such as keyboard entry, assembly 
line work, sitting in one spot for several hours at 
a time, or work in an intrinsically awkward posi- 
tion (dentists or hygenists [10]) may also develop 
NTOS. In these patients multiple points of nerve 
compression are often seen, including problems 
at the carpal or cuboid tunnels and/or pectoralis 
minor insertion site. This observation collectively 
has been labeled “cumulative trauma syndrome,” 
although the term has not entered widespread 
use. The underlying cause is felt to be due to the 
fact that resting muscles are lengthened by vari- 
ous abnormal positions, and activation of these 
lengthened muscles causes structural damage 
inside the muscle cells [11-13]. 





The Role of First Rib 


What then is the role of the first rib, and why is 
first rib resection apparently as successful as sca- 
lenectomy in relieving symptoms? The answer 
may be that in performing first rib resection it is 
necessary to release the anterior and middle sca- 
lene muscles in order to remove the rib. Thus, 
scalenotomy is an essential part of every first rib 
resection, and patients improve primarily because 
anterior and middle scalenotomy was performed, 
not because the rib was removed. This view is 
supported by the fact that the results of anterior 
and middle scalenectomy without first rib resec- 
tion have been as good as those of scalenectomy 
with first rib resection in carefully selected 
patients [14, 15]. 
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Non-traumatic Onset 


Finally, a minority of patients seem to spontane- 
ously develop symptoms of NTOS even in the 
absence of a history of trauma. Although in many 
of these patients a history of neck trauma will be 
found with persistent history taking, there is still 
a small group, less than 15 % in our experience, 
in whom no history of trauma exists. In some of 
these patients a cervical rib or anomalous first rib 
may be the underlying cause, and in many the 
trauma may have been mild enough to escape the 
patient’s notice (hence not recoverable by history 
taking). There remain in any practice a small 
number in whom the cause is obscure. 
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Abstract 

The diagnosis of Neurogenic Thoracic Outlet Syndrome (NTOS) is often 
considered in patients presenting with neck, shoulder, and arm pain, sen- 
sory disturbance and weakness especially when these complaints are 
worsened when assuming certain postures or when performing activities 
such as reaching overhead. The label of NTOS should be considered when 
it explains a patient’s suffering and disability; it is important for the clini- 
cian to differentiate ubiquitous complaints of innocuous positional numb- 
ness from those features of a condition that really are responsible for the 
patient’s disability. The main goal of the clinician is to determine for whom 
NTOS targeted therapy would lead to both alleviation of suffering and 
improve functional impairment. 

The task of making the diagnosis and finding patients who may benefit 
from NTOS targeted treatment starts with the discovery of certain positive 
features which suggest NTOS; the present chapter outlines this initial step 
in the diagnostic process. Conditions may mimic NTOS or may be comor- 
bid with it having dramatic effects upon treatment outcomes; these condi- 
tions are discussed in Chap. 8. 
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patient’s suffering and disability; it is important 
for the clinician to differentiate ubiquitous com- 
plaints of innocuous positional numbness from 
those features of a condition that really are 
responsible for the patient’s disability. The main 
goal of the clinician is to determine for whom 
NTOS targeted therapy would lead to both alle- 
viation of suffering and improve functional 
impairment. 

The task of making the diagnosis and finding 
patients who may benefit from NTOS targeted 
treatment starts with the discovery of certain positive 
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features which suggest NTOS; the present chap- 
ter outlines this initial step in the diagnostic pro- 
cess. Conditions may mimic NTOS or may be 
comorbid with it having dramatic effects upon 
treatment outcomes; these conditions are dis- 
cussed in Chap. 8. 





Positive Features that Suggest 
Possible NTOS 


The diagnostic process starts with a search for 
features that may suggest NTOS in those patients 
who present with cervicobrachial pain after an 
acute injury or after a cumulative work related 
exposure [2-5]. Classically, the positive findings 
that suggest NTOS include a history of tingling, 
deadness, or weakness in the upper extremity 
which are exacerbated by maneuvers that com- 
promise the thoracic outlet (arms overhead) or 
stretch the plexus (dangling). Similar findings 
may be elicited by bedside maneuvers that simu- 
late a patient’s experience. Pulse obliteration with 
arm abduction may be found to suggest combined 
neural and vascular compromise through the tho- 
racic outlet. Actual muscle atrophy may occur on 
rare occasion. Sensitivity to palpation of the neu- 
ral elements may be found in the supraclavicular 
fossa or over the pectoralis tendon insertion. 
These “classical” features are examined more 
closely in the following paragraphs. 


History of Neurological Symptoms 
Affected by Position 


Patients with NTOS typically have a history of 
tingling, pins and needles, deadness or electrical 
sensations, aching arm pain, and/or progressive 
and rapid fatigue of arm muscles when reaching 
overhead and in performing repetitive grasping 
and reaching movements. The absence of recur- 
ring positional sensory change, fatigue, or pain 
would make NTOS unlikely. The presence of a 
history of positional paresthesias with reaching 
overhead, although suggestive of NTOS, is 
nonspecific. In preparation for this chapter we 
surveyed 25 medical office workers that were not 
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patients and who were not seeing physicians for 
upper extremity complaints (unpublished data), 
and found that positional sensory change that 
mildly interfered with everyday activities was 
noted in 44 % of this group. A high prevalence 
among office workers of subclinical paresthesias 
separate from those due to carpal tunnel syn- 
drome has been previously reported [6]. Positional 
sensory change and pain is also found in patients 
with carpal tunnel syndrome and can be used as 
basis for provocative testing [7-9]. Nocturnal 
numbness, which is often reported by NTOS 
patients, is also a common complaint in patients 
with carpal tunnel syndrome and ulnar compres- 
sion neuropathy. Patients with NTOS may also 
report worsening of symptoms with dangling of 
the arm when walking. 


Pulse Obliteration with Arm 
Hyperabduction and the Presence 
of Neurovascular Changes 


Pulse obliteration may be observed with arm 
hyperabduction in patients with NTOS, although 
this finding alone is very common in normal indi- 
viduals [10]. Nine subjects in our sample of 25 
office workers had pulse obliteration at only 90° 
of arm abduction, and many more had oblitera- 
tion with greater than 90° abduction. Cold hands, 
pallor, mottling, and mild cyanosis are frequently 
seen in otherwise normal women with mild forms 
of Raynaud’s phenomenon. 


Stress Maneuver Reproduction 
of Symptoms: EAST, Adson Maneuver, 
AER, Traction Test 


Stress maneuvers have been described to repro- 
duce those positional and effort related activities 
that may produce a sensory experience that is 
historically familiar to the patient. 


Elevated Arm Stress Test (EAST) 

Although a 3 min test was classically described 
by Roos, a | min stress test (1 min EAST) may be 
considered because many patients with NTOS 
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Fig. 7.1 Arm abduction 
and elbow flexion for the 
EAST test (Courtesy of 
Dr. Sheldon Jordan) 
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will have marked symptoms within a few seconds 
and patients with CRPS or fibromyalgia may 
experience many days of delayed onset muscular 
pain after a 3 min test (prolonged after-effects do 
not occur after a | min test in our experience test- 
ing 7,915 patients with this approach over the 
past 10 years in our UCLA Vascular Surgery 
affiliated clinic). The patient is asked to adduct 
the shoulder to 90°, flex the elbows at 90°, and 
face the hands forward while the hands are alter- 
nately opened and closed at a rate of one per sec- 
ond for a total of 60 s (see Fig. 7.1). At the end of 
this period, the patient is asked to rate the total 
amount of exercise induced discomfort including 
all components of aching pain, arm fatigue, and 
sensory changes including tingling, pins and nee- 
dles, and deadness. The location of evoked symp- 
toms and concordance with historical experiences 
are noted. Patients with carpal tunnel syndrome 
and sometimes ulnar neuropathy, CRPS, and 
fibromyalgia will all demonstrate increased 
symptoms with this test, so the location and qual- 
ity of symptoms are critical to note in order to 
discriminate these patients from those with 
NTOS. In our 25 office worker sample, 12 (48 %) 
demonstrated a positive EAST. Similar results 
have been published [11]. 





The Adson maneuver (see Chap. 3) is per- 
formed by having the patient turn their head toward 
the pathologic side as the patient inhales with the 
arm extended; classically described to look for 
pulse changes, many use it to assess whether neu- 
rologic symptoms are exacerbated (see Fig. 7.2). 
The arm abducted stress maneuver (AER) and 
the downward arm traction test are other maneu- 
vers that can be performed on patients with possi- 
ble NTOS, the common goal in all being to 
reproduce distal symptoms by compromising the 
interscalene triangle and other components of the 
thoracic outlet. Unfortunately, while these tests are 
sensitive, low specificity limits their usefulness. 


Supraclavicular Fossa and 
Infraclavicular Tenderness to Palpation 


Another positive finding that is often considered 
to be suggestive of NTOS is that of tenderness to 
palpation at certain sites. Palpation over the sca- 
lene triangle will often produce extreme local 
pain as well as discomfort that radiates into the 
arm, chest, or axilla. A second area of compres- 
sion, increasingly recognized, is the pectoralis 
minor muscle insertion site (see Chap. 15). 


44 


Fig. 7.2 Adson maneuver 
(Courtesy of Dr. Sheldon 
Jordan) 


Patterns of Pain Radiation 


Patients will very commonly complain of pain in 
areas radiating from the neck and proximal shoul- 
der to the occiput and more generally to the head. 
Pain may radiate to the scapular region, down to 
the anterior chest, and to the axilla. Anterior chest 
pain, in particular, may confuse the clinician and 
lead to delays in diagnosis because a cardiogenic 
source of pain may be considered. 


The Presence of Nerve “Irritability”: 
The Tinel’s Sign 


Gentle tapping over a peripheral nerve may 
produce paresthesias that are perceived along the 
dermatomes of the targeted nerve. Although used 
commonly to assess the potential presence of 
carpal tunnel syndrome, its reliability, sensitivity, 
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and specificity has been extensively questioned 
even in these patients [12—16]. It is very difficult 
to achieve good inter-observer and intra-observer 
agreement because of the variability and targeting 
of effective striking force. In view of the variabil- 
ity of overlying soft tissues when using this test in 
patients with possible NTOS, particular over the 
interscalene triangle and the axilla, it is helpful to 
place a stationary finger over the course of the 
nerve with slight downwards pressure to ensure 
an accurate target for the striking finger. An alter- 
native technique for eliciting paresthesia is to put 
2 to 4 kilograms of pressure on the targeted nerve 
bundle (enough pressure to turn the fingernail 
beds white) and then to flick the palpating finger 
across the nerve. Using the tapping and flicking 
technique all of the patients in our clinical series 
of 110 patients, had inducible paresthesias down 
the arm when stimulation was applied to the 
plexus at the level of Erb’s point or at the axilla. It 
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is possible to elicit paresthesias at a proximal site 
of injury and at distal sites even when there is no 
separate identifiable distal injury [17]. Therefore, 
most of the patients in the clinical series with 
NTOS had a positive Tinel’s sign over the plexus 
proximally and over the ulnar nerve at the elbow 
as well. Some of the patients also had a positive 
Tinel’s sign over the median nerve at the wrist. 


Weakness and Atrophy of Hand Muscles 


Patients with NTOS may show atrophy of the 
intrinsic hand muscles involving both the thenar 
and hypothenar groups [18]. The latter is rare and 
was only present in 6 of 110 sequentially exam- 
ined patients with possible NTOS in our clinic 
affiliated with the UCLA Vascular Surgery pro- 
gram. Objective weakness of the intrinsic mus- 
cles can be measured, although to ensure 
sensitivity calibrated finger ergometers are 
required [11]. As with any other form of muscle 
testing, the combination of motivation, painful- 
ness of the effort, and examiner bias may inter- 
fere with testing accuracy. Patients with NTOS 
frequently have weakness of the adductor digiti 
minimi in the .25 to .5 kg range whereas normal 
individuals, including women typically demon- 
strate power at or above .5 kg for this muscle. 





Utilization of Standardized Validated 
Questionnaires and Diagrams 


As an adjunct to the formal history and physical 
examination and to monitor and quantify change, 
validated questionnaires and pain and sensory dia- 
grams have been developed. The Disability of the 
Arm, Shoulder, and Hand (DASH) has been used 
in evaluating patients with cervicobrachial syn- 
dromes and demonstrates good sensitivity to effects 
of therapeutic interventions [19, 20]. It lacks, how- 
ever, a sensory diagram that can be useful in focus- 
ing on sensory changes and it fails to test for 
conditions characterized by widespread pain or 
symptoms that may suggest CRPS. Besides detect- 
ing features consistent with NTOS, questionnaires 
must detect comorbid conditions that could drasti- 
cally affect outcomes for NTOS-targeted therapy. 
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The CervicoBrachial Symptom Questionnaire 
(CBSQ) was developed to detect features typical of 
NTOS as well as to evaluate coexisting problems 
that significantly affect treatment (so-called “game 
changers’), incorporate a pain and sensory diagram 
(see Fig. 7.3), and be sensitive to the effects of ther- 
apy [21]. Because depression is often a comorbid 
and treatable condition, the Beck depression scale 
may be considered for an initial self administered 
battery as a patient presents for an initial visit. A 
CBSQ and Beck form can be filled out in 10—20 min 
and scoring is very fast (greater than 10 or 20 min 
for form completion becomes burdensome for 
patients who may have serious limitations in writ- 
ing endurance). A family member is occasionally 
needed to be a scribe. 





Additional Testing 


Electromyography (EMG) will occasionally show 
increased polyphasic units or a drop out of units in 
the intrinsic hand muscles, although its sensitivity 
is low in patients with a clinical diagnosis of NTOS 
[22-25]. Evoked potential techniques have been 
described [24—30]; low sensitivity and specificity, 
muscle artifact contamination of the waveforms, 
and patient discomfort remain limiting factors. 
MRI scans will often show anatomical abnormali- 
ties that are consistent with NTOS; the frequent 
finding of anatomical changes in the thoracic out- 
let in autopsy studies of people dying without his- 
tories of NTOS, however, ensure a degree of 
non-specificity in image-based testing [31]. 
Furthermore, large prospective studies are still 
needed that would provide a correlation of cross 
sectional imaging “abnormalities” with clinical 
outcomes. The use of test injections of the scalenes 
for confirmation of the diagnosis and prediction of 
outcomes with targeted treatment is discussed in 
Chap. 20, “Scalene Test Blocks and Interventional 
Techniques in patients with NTOS.” 


Summary 


Patients with possible NTOS present with neck 
and arm pain, sensory changes, and weakness 
which may be exacerbated by certain stress 
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Cervical Brachial Symptom Questionnaire 


Mark where you feel pain with horizontal 
or vertical lines. Mark sensory changes 
with diagonal lines. If different pains or 
sensory changes are caused by specific 
items in the questionnaire, then indicate 
by the question number. 

Use next page if necessary 


Name 





or TINMMI 


Mark pain 


SO . YH 


Mark numbness or sensory disturbance including tingling 


Fig. 7.3 Pain and sensory diagram from CBSQ showing pattern of a typical TOS patient (Courtesy of Pain Physician, 


American Society of Interventional Pain Physicians) 


maneuvers. As discussed in this chapter, the 
presence of these features in a patient’s history 
and the reproduction of concordant experiences 
by bedside examination are two fundamental 
processes that start the diagnostic process. 

The next step is to consider entities that sim- 
ulate NTOS but are, in fact, separate entities. 
Often overlooked, however, is the need to recog- 
nize coexisting conditions that require treatment 


in parallel with NTOS-targeted treatment. 
Certain coexisting conditions have been associ- 
ated with poor outcomes after NTOS-directed 
therapy and therefore require a change in the 
therapeutic approach; these are the “game- 
changers” that require a delay or denial of 
NTOS-targeted therapy. Chapter 8 addresses 
both the differential diagnosis and the critical 
“game-changers.” 
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Introduction 


Abstract 

Patients in whom the diagnosis of NTOS is being considered usually have 
neck and arm pain, sensory changes, and weakness that may be exacer- 
bated by certain stress maneuvers. As discussed in Chap. 7, the presence 
of these features in a patient’s history and the reproduction of concordant 
experiences by bedside examination are two fundamental processes that 
start the diagnostic process. 

The diagnostic process then continues with a consideration of entities 
that simulate NTOS but are, in fact, separate entities. Equally important 
but often overlooked is the need to recognize certain conditions that com- 
monly coexist with NTOS but are associated with a poor outcome to 
NTOS-directed therapy (“game changers’’) and, therefore, require a more 
dramatic change in the therapeutic approach. 


The diagnostic process then continues with a 
consideration of entities that simulate NTOS but 


Patients in whom the diagnosis of NTOS is being 
considered usually have neck and arm pain, sen- 
sory changes, and weakness that may be exacer- 
bated by certain stress maneuvers. As discussed 
in Chap. 7, the presence of these features in a 
patient’s history and the reproduction of concor- 
dant experiences by bedside examination are two 
fundamental processes that start the diagnostic 
process. 
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are, in fact, separate entities. Equally important 
but often overlooked is the need to recognize cer- 
tain conditions that commonly coexist with 
NTOS but are associated with a poor outcome to 
NTOS-directed therapy (“game changers”) and, 
therefore, require a more dramatic change in the 
therapeutic approach. 


Coexisting, Confusing, 
and Complicating Factors 


Conditions may coexist with NTOS that will 
require treatment in parallel with those that target 
NTOS itself. The presence of these coexisting 
conditions does not trump NTOS-directed 
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therapy, but rather directs the clinician to priori- 
tize and coordinate treatment of each element so 
that the best outcomes are obtained. 

There is a dearth of published studies that 
were designed to evaluate the frequency of coex- 
isting conditions in those patients presenting with 
signs that might otherwise suggest NTOS, and 
we therefore reviewed our experience in prepara- 
tion for this chapter. 

Over the past 10 years, 7,915 patients visited 
our NTOS-directed neurology clinic affiliated 
with the UCLA Vascular Surgery service with a 
diagnosis of cervicobrachial syndrome and prob- 
able NTOS; 629 visits were new patient consulta- 
tions. Each patient was seen an average of 13 
times over this period. These patients had neck, 
shoulder, and/or arm pain as well as weakness, 
pain, and/or sensory changes with elevated arm 
stress testing. 

One hundred and ten patients were prospec- 
tively and sequentially studied, as well, in order 
to determine how many ended up with NTOS as 
a major diagnosis that was substantially con- 
tributing to the patient’s overall suffering and 
disability. Final diagnoses for the purposes of 
this analysis were determined by consideration 
of clinical signs and symptoms, response to test 
blockade [1—4], and evaluation of anatomic and 
electrophysiologic testing [5, 6] without con- 
sideration of response to NTOS-targeted 
therapy. 

The majority of these patients were women 
(84 %). Forty-nine cases (45 %) were attributed 
to conditions at work (work-related musculoskel- 
etal disorders; WRMD) while the remaining 61 
(55 %) were caused by a variety of acute injuries 
including falls, lifting accidents, altercations, and 
auto accidents. Only one case was considered 
spontaneous. Bilateral complaints were common 
in this experience (58 %). Most importantly, 
NTOS rarely occurred as an isolated problem: 
only 11 out of 110 (10 %) patients were thought 
to have NTOS as a solitary diagnosis. Sixty one 
out of 110 (55 %) were found to have NTOS as a 
prominent factor in combination with other prob- 
lems and in most of the remaining patients a 
component of the patient’s overall clinical picture 
was compatible with NTOS but other conditions 
overshadowed this diagnosis (i.e., NTOS was a 
minor factor and other conditions were more 
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important in contributing to the overall level of 
suffering and disability). 

In 14 patients with NTOS as a prominent fac- 
tor, thoracic outlet decompression was performed; 
12 (86 %) had a good outcome as defined by 
reduction in rescue medications, fifty percent 
reduction in pain scale rating and improved activi- 
ties of daily living. In nine patients who had tho- 
racic outlet decompression in spite of having 
NTOS as a minor factor, none of them had a good 
outcome. It is apparent that having clinical fea- 
tures of NTOS alone is not sufficient in order to 
predict a good outcome to targeted surgery and the 
coexistence of other factors in a patient’s cervico- 
brachial syndrome appears to play an important 
role in determination of outcomes when NTOS- 
targeted interventions are planned [2, 7-12]. 

In our experience, conditions that required 
independent or concurrent treatment included 
cervical spine disorders, cervical dystonia (CD), 
myofascial pain syndrome (MFPS), carpal tunnel 
syndrome (CTS), ulnar neuropathy (UN), head- 
ache, depression, and varied chronic musculosk- 
eletal problems affecting the shoulder, elbow, 
and/or wrist. 


Cervical Spine Disorders 


Patients with cervical myeloradiculopathy may 
present with neck and shoulder pain and paresthe- 
sias and weakness in the upper limb. In contrast to 
patients with NTOS, numbness of fingers 4 and 5 
are not commonly encountered in patients with 
cervical root compression because disc herniation 
and osteophytic spurs do not commonly occur at 
the C8 root level. Patients with cervical root syn- 
dromes also have more neck movement limitation 
and sensitivity to axial compression and exten- 
sion as compared to patients with NTOS. Patients 
with cervical root irritation will often have a posi- 
tive Spurling’s sign (pain with downward fore- 
head compression in a patient who is extending 
the neck, looking at the ceiling, with the head 
rotated toward the affected side). Pain radiation 
patterns can be quite similar to those due to NTOS 
but, by contrast, pain maximal in the supraclavic- 
ular fossa is less prominently noted. Although 
cervical disc abnormalities are common in 
otherwise normal individuals, a negative MRI of 
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the cervical spine would likely exclude a com- 
pressive cervical radiculopathy in a patient pre- 
senting with a cervicobrachial syndrome (i.e., 
imaging has a very low false-negative rate in 
patients with cervical disk-related syndromes). 
Patients with neck pain that radiates to the 
scapula may have pain generators innervated by 
facet nerves. These pain generators may coexist 
with NTOS in patients exposed to either occupa- 
tional factors or to single accidents and may be a 
cause for persisting axial pain after technically 
successful NTOS surgery. Many such patients will 
have pain with palpation of the lateral masses of 
the neck in the area of facet joints. Selective block- 
ade of facet innervation is required to confirm a 
diagnosis of a facet joint pain problem [13, 14]. 


Cervical Dystonia and Other Segmental 
Dystonias 


Patients may present to a neurological clinic with 
spontaneous and prominent neck turning and tilt- 
ing comprising a complete picture of cervical tor- 
sion dystonia (so-called torticollis); pain is a 
common complaint in these patients [15, 16]. In 
our experience, patients in the above category 
may have concomitant features of NTOS with 
hand numbness and positional worsening. The 
neck turning and the phasic and dystonic tremor- 
like movements as well as the characteristic ame- 
liorating “trick gestures” that these patients 
exhibit are characteristic enough so that they are 
usually referred for neurological evaluation and 
botulinum chemodenervation early on in the ill- 
ness; these patients do not often find their way to 
surgeons. When pain and positional numbness 
are predominant and dystonia less dramatic, how- 
ever, these patients may be initially referred to 
non-neurological specialists such as orthopedic 
surgeons and thus ultimately find their way to a 
TOS surgeon. 

There is an extensive literature describing 
patients with post traumatic and occupational dys- 
tonias [17-41]. As with spontaneous cases of tor- 
sion dystonia, patients with occupational dystonias 
may respond to botulinum chemodenervation of 
the affected muscles. When being evaluated by 
bedside examination, there may be a concern 
that postural change may result from shortening 
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Fig. 8.1 Dystonic posture with shoulder elevation and 
protraction 





Fig. 8.2 Dystonic posture with shoulder elevation and 
protraction. Protraction can sometimes better seen with 
patient laying down 


of muscles rather than active muscle contraction 
(see Figs. 8.1 and 8.2). Electromyography can 
easily distinguish passive muscle shortening from 
active contraction; the latter is associated with 
abundant spontaneous motor unit activity when 
the patient is trying to relax. It is critical to exam- 
ine those muscles that are actually responsible for 
the patient’s shoulder protraction, depression or 
elevation which may include the subclavius, pec- 
toralis minor and other deep muscles. Combining 
ultrasound guidance with EMG is suggested in 
order to improve accurate muscle identification 
and to avoid a pneumothorax. 


Myofascial Pain 


The term “myofascial pain” refers to the presence 
of localized and regional pain associated with 
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tender and palpably tight muscles. Needle inser- 
tion or tapping the tender muscle trigger point 
will produce pain that may radiate down the back 
or along the limb some distance from the targeted 
site. Many patients with muscle tenderness and 
tightness may not show active spontaneous motor 
unit activity by EMG which distinguishes this 
localized disturbance of muscle from patients 
with dystonia. The lack of active muscle contrac- 
tion may be one reason why botulinum chemod- 
enervation has not been uniformly effective in 
treating patients identified with myofascial pain 
[41-46]. NTOS patients will frequently demon- 
strate myofascial trigger points in the trapezii, 
levator scapulae, and rhomboid muscles. 


Musculoskeletal Conditions 
of the Shoulder, Elbow and Hand 


Many of the patients presenting with possible 
NTOS have coexisting identifiable musculoskel- 
etal conditions that may have been treated with 
ergonomic adjustments, physical therapy, brac- 
ing, injections, or surgery, including elbow tendi- 
nitis, rotator cuff syndromes, frozen shoulder, or 
wrist tendinitis. Patients may be diagnosed with 
rotator cuff syndromes or tears of the labrum 
(SLAP lesions) only to develop prominent NTOS 
symptoms in spite of apparently technically ade- 
quate shoulder surgeries; this scenario was 
observed in 28 out of the 110 cervical brachial 
patients analyzed in our clinical series described 
above. Whether NTOS was the problem to start 
with or was created secondarily by such therapy 
is unknown. 


Carpal Tunnel Syndrome 


Carpal tunnel syndrome (CTS) refers to the con- 
dition where the median nerve is entrapped by 
the carpal tunnel at the wrist. The diagnosis of 
CTS is often based on the combination of clini- 
cal information along with electrodiagnostic 
testing, particularly when surgical release is 
anticipated [45]. The classic patient with CTS 
reports a history of paresthesias involving the 
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palmar aspect of the first three fingers and half of 
the ring finger (see Fig. 8.3). The Cervical 
Brachial Symptom Questionnaire (CBSQ) is 
useful to diagram symptoms; patients may show 
the classical pattern or fewer fingers may be 
involved (see Fig. 8.1). By contrast, patients with 
NTOS usually will diagram sensory disturbances 
involving the whole hand or involvement of 
fingers four and five with variable involvement 
of the ulnar forearm; there will be more proximal 
pain as well (Fig. 8.4). In addition, most (but not 
all) patients with CTS will have a positive Tinel’s 
sign at the wrist over the median nerve while 
patients with NTOS almost uniformly have a 
positive Tinel’s sign over the ulnar nerve at the 
cubital tunnel and over the plexus at the intersca- 
lene triangle or in the axilla. Both CTS and 
NTOS patients may have a history of worsening 
pain and paresthesias at night and with repetitive 
hand activities and with arm elevation. Ultimately, 
however, patients with CTS do not usually have 
the supraclavicular and proximal symptoms that 
are reported in patients with NTOS. 

Nerve conduction studies across the wrist are 
often very helpful in distinguishing CTS from 
NTOS. Most patients with CTS will have slowed 
sensory or motor velocities for the median nerve 
at the wrist. If atrophy is present, patients with 
CTS will have weak and atrophic thenar mus- 
cles while those with severe NTOS will demon- 
strate more widespread atrophy involving the 
hypothenar muscles as well. The relative impor- 
tance of NTOS or CTS in a patient with multifo- 
cal disease may be determined by analyzing the 
results of a scalene test block for TOS and the 
responses to wrist splinting or steroid injections 
for CTS. 


Patients with Ulnar Neuropathy 


Ulnar entrapment syndrome refers to symptoms 
created by compression of the ulnar nerve, the 
compression is localized to most often to 
the cubital tunnel at the elbow. According to the 
Washington State Department of Labor and 
Industries guidelines, patients with this diagnosis 
will have paresthesias involving the last two 
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Cervical Brachial Symptom Questionnaire 


Mark where you feel pain with hoizontal 
or vertical line.mark sensory changes 
with diagonal lines. If different pain or 
sensory changes are caused by specific 
items in the questionnaire,then indicate 
by the question number. 

Use next page if necessary 


or WHI Mark pain 





Name 








Left Right 


QO or Uji) Mark numbness or sensory disturbance including tingling 


Fig. 8.3 CBSQ diagram for a patient with carpal tunnel syndrome (Courtesy of Pain Physician, American Society of 


Interventional Pain Physicians) 


fingers usually associated with pain at the elbow 
and along the ulnar aspect of the forearm (see 
Fig. 8.5) [46]. Weakness may be demonstrated in 
the adductor pollicis muscle by asking a patient 
to grip a piece of paper between the finger tips of 
the index and thumb while the examiner tries to 
pull the paper away. Electrodiagnostic criteria 
have been suggested including the finding of 


motor conduction slowing specifically across the 
elbow. The technical difficulty in performing the 
electrophysiological test reliably has led to alter- 
native proposals that utilize ultrasonic evaluation 
of the ulnar nerve. A Tinel’s sign may be present 
at the elbow over the nerve and patients will often 
describe concordant paresthesias with elbow 
flexion after 1 min of positioning. 
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Cervical Brachial Symptom Questionnaire 


Mark where you feel pain with hoizontal Name 
or vertical line.mark sensory changes 

with diagonal lines. If different pain or 

sensory changes are caused by specific 

items in the questionnaire,then indicate 

by the question number. 

Use next page if necessary 





=== _ on WAAL Mark pain 


MO or Uf{ ss Mark numbness or sensory disturbance including tingling 


Fig. 8.4 CBSQ diagram for a patient with NTOS (Courtesy of Pain Physician, American Society of Interventional Pain 
Physicians) 
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Cervical Brachial Symptom Questionnaire 





Mark where you feel pain with hoizontal Nate 


or vertical line.mark sensory changes 
with diagonal lines. If different pain or 
sensory changes are caused by specific 
items in the questionnaire,then indicate 
by the question number. 

Use next page if necessary 








or HAITI Mark pain 


RQ or Us si Mark numbness or sensory disturbance including tingling 


Fig. 8.5 CBSQ diagram for a patient with ulnar neuropathy (Courtesy of Pain Physician, American Society of 
Interventional Pain Physicians) 


Chronic Headache caused by temporomandibular muscle dysfunc- 

tion, frequent migraine, cervical facet arthritis, or 
Many patients will continue to have disabling occipital neuralgia. Referral to a neurologist or 
headaches after technically successful thoracic other physician specializing in the care of patients 
outlet decompression. The headaches may be _ with these syndromes may be helpful. 
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Depression, Somatization 
and latrogenicity 


Patients with chronic pain frequently express 
depressive symptoms; this condition adds to dis- 
ability and will interfere with rehabilitation 
efforts. It is often proposed that stress and emo- 
tional upset will cause or worsen pain, a process 
often referred to as “somatization;” for this rea- 
son psychotropic medication, psychological 
counseling efforts, cognitive therapy, stress 
reduction techniques, and related interventions 
are often a part of multi-specialty pain manage- 
ment efforts. 

Some observers have suggested that cumula- 
tive trauma disorders (including NTOS resulting 
from occupational factors) may result from an 
inability to cope with life stresses and may be 
partly iatrogenic in nature because of the doctor’s 
role as an enabler [47, 48]. Such enabling may 
reinforce the sickness role when it leads to avoid- 
ance of unhappy work experiences and when it 
allows access to the rewards of entitlement pro- 
grams (i.e., secondary gain). Physician and 
patient relationships after injury and physician 
participation in the process of litigation may con- 
tribute to this. In our 110 patient sample described 
above, 57 out of 72 patients (72 %) with NTOS 
were working and 26 (24 %) were being treated 
under the worker’s compensation program; only 
two had pending litigation. In short, few of our 
NTOS patients were taking advantage of entitle- 
ment programs or expecting payouts from 
litigation. 

The recent Australian experience with an “epi- 
demic” of cervicobrachial occupational injuries 
which was mitigated by changes in physician 
willingness to diagnose these cases and the scal- 
ing back of entitlement programs is often cited 
as an example supporting the concept of iatro- 
genicity [49]. What is not often discussed in this 
context is the massive increase in alternative and 
complementary health care that occurred as clini- 
cal support from conventional medical circles 
waned, leading to an alternative explanation that 
a significant proportion of these patients simply 
migrated to alternative care when the conventional 
medical pathway became less available [49]. 
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Conditions That Drastically Change 
Management: The “Game Changers” 


There are certain conditions that command our 
attention because of the need to delay or avoid 
possible NTOS-targeted treatment, as they pre- 
dict a dismal outcome to conventional therapy. 
In our 110-patient cohort, these “game chang- 
ers” were not rare: 17 % had complex regional 
pain syndrome (CRPS), 15 % had opioid hyper- 
algesia, and 5 % fibromyalgia. While these con- 
ditions may coexist with or simulate NTOS, 
they predict unusually poor outcomes and thus 
it is imperative that they be recognized when 
present. 


Complex Regional Pain Syndrome 


CRPS may occur before or after thoracic outlet 
decompression in patients with any cervicobra- 
chial syndrome. Both terminology and diagnosis 
may be confusing; diagnostic criteria have been 
recently updated by an international consortium 
(see Chap. 27) [50-53]. Patients with CRPS have 
widespread regional pain with markedly increased 
sensitivity to various somatosensory stimuli 
along with associated features such as dystonia, 
sweating, temperature change, swelling, discol- 
oration, and late musculoskeletal changes includ- 
ing contracture and osteoporosis. It is important 
to recognize these patients early in the treatment 
process because surgical interventions and tar- 
geted injection therapy often fail. In our 110 
patient series, only 34 % of individuals with 
CRPS had good outcomes after therapy versus 
90 % of those without (p=0.0301). 


Fibromyalgia 


The term fibromyalgia refers to a chronic pain 
syndrome characterized by widespread achiness, 
pain and stiffness, soft tissue tenderness, general 
fatigue, and sleep disturbances. Original criteria 
were based on patients having chronic wide- 
spread pain and the presence of tenderness in at 
least 11 out of 18 specified sites on the body, but 
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Cervical Brachial Symptom Questionnaire 


Mark where you feel pain with hoizontal 
or vertical line.mark sensory changes 
with diagonal lines. If different pain or 
sensory changes are caused by specific 
items in the questionnaire,then indicate 
by the question number. 

Use next page if necessary 
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CAL fETG| 
ated Sey 
Ad VNA RSENS 
Vt HV SINS 
a/ ; SBR 
(7 
—_ or HHT Mark pain 


WK 


Name 


Left 





or Uji) Mark numbness or sensory disturbance including tingling 


Fig.8.6 CBSQ diagram for a patient with fibromyalgia (Courtesy of Pain Physician, American Society of Interventional 


Pain Physicians) 


the American College of Rheumatology has 
recently updated and objectified diagnostic crite- 
ria [54]. These are, in part, based on scaled scores 
on the Widespread Pain Inventory (WPI) and 
Symptoms Severity Score (SSS). It should be 
noted that scales frequently used in for evaluation 


of patients with cervicobrachial syndromes such 
as the DASH do not address widespread pain. By 
contrast, the CBSQ concentrates on upper 
body complaints but allows the patient to map 
possible widespread pain on a figure of the body 
(see Fig. 8.6). 
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Fibromyalgia should be considered clinically 
when a patient has chronic pain in the upper and 
lower body, fatigue, non-refreshing sleep and a 
variety of functional complaints, often including 
functional bowel disease or pelvic organ dysfunc- 
tion. These patients often endorse multiple sys- 
tem complaints on a review of systems intake 
form. They often have concomitant depression 
and may complain of problems with focus or 
memory. Multiple “allergies”, food sensitivities 
and failed medical and surgical therapies may be 
present in the general history. Many of these 
patients, in our experience may conceal the diag- 
nosis of fibromyalgia that was suggested by other 
physicians out of fear of rejection. By contrast, 
more “acceptable” labels may be openly dis- 
cussed such a Lyme Disease, Chronic Epstein 
Barr infection, Lupus, vitamin deficiency, heavy 
metal toxicity, hypothyroidism, intestinal over- 
growth, or whatever label the local “Urban 
Legend” expert health professional is selling. 

Whether or not a particular physician is recep- 
tive to the idea of fibromyalgia as a distinct ill- 
ness or that this label merely represents a 
“medicalization of misery”, it is a reality that per- 
forming NTOS-targeted therapy for patients with 
chronic widespread pain and multi-organ com- 
plaints is unlikely to be successful. In our 110 
patient sample, seven thoracic outlet decompres- 
sions were performed in the 16 patients with a 
diagnosis of fibromyalgia. The cases subjected to 
surgery had a poor outcome with minimal pain 
relief, no overall change in functional status, and 
no substantial change in the use of medications. 
Although surgery has been cited as an occasional 
trigger event for clinically recognizable 
fibromyalgia, most of these patients in our UCLA 
affiliated NTOS clinic had symptoms compatible 
with fibromyalgia and chronic widespread pain 
prior to TOS surgery. 

The available literature generally describes 
poor outcomes for a variety of procedures and 
chronic excessive utilization of medical resources 
in patients with widespread pain and fibromyalgia 
{2, 53, 55-63]. Increased awareness of and better 
screening tools for this condition will ideally 
delay surgical plans and allow for suitable refer- 
ral. If surgery is contemplated in these patients, 
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both doctor and patient should be aware of the 
potential for worsening of generalized symptoms 
and for the expectation of only modest functional 
gains in the long term with persisting poor qual- 
ity of life assessments. An increased use of clini- 
cal resources will be expected in the post operative 
period. 


Opioid Hyperalgesia 


In patients with chronic use of opioids, tolerance 
and dependency may develop. In addition, some 
patients will have the appearance of worsened 
regional pain and overall pain sensitization asso- 
ciated with chronic exposure to high daily doses 
of opioids, so-called opioid hyperalgesia. Since 
these patients are highly tolerant, opioids no lon- 
ger seem to produce effective analgesia. It seems 
obvious that such patients will have more 
difficulty than other patients in having adequate 
pain control in the post operative period after tho- 
racic outlet decompression. In fact, outcomes 
after any NTOS-targeted therapy (including bot- 
ulinum chemodenervation) are poor in patients 
with this condition. In our 110 patient sample, 
only 25 % of individuals with opioid hyperalge- 
sia had successful outcomes after NTOS-targeted 
treatment as compared to 75 % of those without 
(p=0.0004). Patients with opioid hyperalgesia 
again demonstrated a markedly increased utiliza- 
tion of medical services; these patients saw nearly 
twice as many physicians as compared to patients 
without opioid hyperalgesia (15 vs. 8 visits over- 
all; p<0.0002) 


Summary 


Patients with possible NTOS typically present 
with a multifactorial cervicobrachial syndrome. 
In order to achieve successful outcomes with 
NTOS-targeted therapy, a three step process 
should be considered. First of all, patients should 
demonstrate the presence of positive features 
typical of NTOS including numbness, fatigue, 
and pain exacerbated with overhead reaching in 
conjunction with evidence of pathology at the 
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supraclavicular fossa and/or pectoralis minor 
insertion site. Secondly, other conditions (carpal 
tunnel syndrome or cervical disk disease) or 
coexisting conditions (depression or distal 
entrapment neuropathies) should be scrutinized 
and treated in parallel with NTOS. Third, it 
should be established that a patient does not show 
features of a condition that predicts failure of 
NTOS-targeted intervention (fibromyalgia, opi- 
oid hyperalgesia, or CRPS). Using this algo- 
rithm, a robust and repeatable diagnosis can be 
assured and patients who will have the highest 
likelihood of benefit from proper therapy can be 
identified. 
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NTOS from the Physical Therapists’ 


Point of View 


Peter |. Edgelow 


Abstract 

The purpose of this chapter is to discuss the evaluation by a physical thera- 
pist of a patient who has been diagnosed as having neurogenic thoracic 
outlet syndrome (NTOS). Such an evaluation is designed to obtain the 
facts that will guide both the technique and vigor of treatment. The initial 
evaluation can be separated into three sections: First, subjective evaluation 
of the history of symptoms (with emphasis paid to characteristic pain pat- 
terns and their persistence), numeric assessment of current symptoms, and 
functional assessment (ideally using a standardized functional question- 
naire). Second, an objective evaluation, including assessment of active 
movements and palpation, to determine both the sensitivity of the nervous 
system and to help differentiate various other problems from NTOS. 
Emphasis is placed on tests that are performed at every treatment session 
to assess the effect of the treatment. Finally, emphasis on evaluation of 
motor dysfunction (Kabat test), breathing, and neurodynamics of the bra- 


chial plexus are performed. 


Introduction 


Neurogenic thoracic outlet syndrome (NTOS) 
can present with signs and symptoms indicating 
the presence of neurological problems relating to 
the basic pathology as well as musculoskeletal 
consequences related to the chronicity of the 
condition. The purpose of the physical thera- 
pist’s evaluation is threefold: First, examine 
the nervous system to determine its degree of 
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sensitivity, second, to ascertain whether NTOS 
or another entity exists and, if both, to determine 
which predominates [1], and, third, obtain the 
data that will be needed to guide the technique(s) 
and vigor of treatment. The initial evaluation 
is separated into subjective and objective 
components. 


Subjective Evaluation 

The subjective evaluation includes a numeric rat- 
ing of present symptoms, functional assessment 
using a standardized questionnaire, and history 


from onset to present time. 
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Numeric assessment of present symptoms: The 
patient is asked to rate the intensity of pain at 
least and at worst on a 0-10 numeric pain rating 
scale (NPRS). The NPRS has high content valid- 
ity; it directly measures the intensity of pain and 
has been shown to have correlations as high as 
r=.80 [2]. 

Functional assessment using a_ standardized 
functional questionnaire: The Disability Arm 
Shoulder Hand (DASH) questionnaire measures 
upper extremity function, and is ideal in this role. 
There are 30 questions, each with five possible 
answers ranging from | =normal to 5=unable to do. 
Normal function is indicated by a score of 30 and 
maximum abnormal function, 120. The test-retest 
reliability is ICC=0.96, and retesting after interven- 
tion can demonstrate change [3]. A problem encoun- 
tered by this author is the difficulty of this and other 
standardized tests to pick up the subtle changes to 
be found over time in the NTOS population. The 
main value of the DASH assessment may be the fact 
that it provides a numeric value (albeit qualitative) 
that can be used as a measure of the severity of func- 
tional impairment between patients. A better answer 
to assessing change may be found in the Patient 
Specific Functional test [4]. 

History: The onset of symptoms in patients 
with NTOS is typically gradual. Characteristic 
symptomatic patterns emerge as these problems 
progress from acute to chronic. Symptoms can 
begin in the neck and spread to the arm and hand 
and other arm, or begin in the hand and progress 
to the arm, neck and other extremity. Pain, numb- 
ness, swelling, discoloration of the hand and tem- 
perature asymmetry in the hand can be specific to 
a peripheral nerve emanating from the brachial 
plexus, a cervical root or both. Symptoms can 
also include headache and, occasionally, low back 
and leg pain. As they progress, symptoms can be 
intermittent or constant and can vary in degree of 
severity from mild to severe. Rest or positional 
change or modification in performance of task 
eases mild symptoms, but not severe symptoms. 





Objective Evaluation 


Objective tests are divided into those tests that 
are done at the initial evaluation only, those tests 
that differentiate NTOS from other problems [1], 
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and those tests that are repeated at every treat- 
ment to assess progress. 


Testing at the Initial Evaluation 


¢ Postural observation/assessment: 

— Test: Typical posture can include a forward 
head, together with scapular elevation and 
scapular protraction. There may be visible 
swelling in the supraclavicular fossa. 

o Goal: Reduce forward head posture. 
¢ Active Movements: 

— Test: All active movement tests must only 
be examined to the point of tension (the 
point at which the flexion withdrawal 
response, as defined below, is elicited) not 
to the point of pain or pain increase [5]. In 
the NTOS patient there are musculoskeletal 
dysfunctions as well as neurovascular dys- 
functions. In examining the musculoskele- 
tal consequences of the injury, movement 
is commonly evaluated to the point of pain 
or pain increase. If one evaluates the neuro- 
vascular consequences in the same way, 
there is a high probability that the examina- 
tion itself will exacerbate the patient’s con- 
dition. To avoid this increase in symptoms, 
movement tests should be examined to the 
point of tension only. If the examination is 
limited to this point of tension, then the 
possibility of a flare secondary to the evalu- 
ation will be minimized. In evaluating the 
nervous system to determine its sensitivity 
to movement one must instruct the patient 
to alert the examiner to the tension point in 
active range of motion. It is the relationship 
between the tension free range of motion 
(ROM) and the full ROM that measures the 
flexion withdrawal reflex that is initiated by 
the sensitized nervous system. The closer 
the tension point is to the end range of 
motion (EROM) the more likely that the 
restriction (tension) is musculoskeletal in 
origin. Typically in NTOS the tension point 
is found in the first 50 % of active ROM 
while the EROM may be close to normal. 

¢ Active movement and palpation tests: 

Measuring the sensitivity of the nervous 

system 
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— Test: Active movements of the neck exam- 
ined: neck flexion: neck extension, neck 
rotation right and neck rotation left. Note 
whether there is a pattern of cervical restric- 
tion vs. brachial plexus restriction. Cervical 
movements are commonly painful ipsilat- 
eral or sensitive in upper trapezius and 
intrascapular regions. NTOS is commonly 
sensitive in the contralateral neck move- 
ments more than the ipsilateral neck move- 
ments. i.e. Side bending of the neck towards 
the symptomatic arm eases the pain rather 
than increasing the pain with NTOS. 
Conversely, side bending the neck away 
from the symptomatic arm increases the 
pain, rather than eases the pain as in CR. 
(See Spurling’s test). 

o Goal: Increasing tension free ROM with 
reduction in pain, should be sufficient to 
allow increased function of the neck. 

— Test: Active movements of upper extremi- 
ties: Shoulder flexion with elbow extended 
tests shoulder ROM with a median nerve 
bias. Shoulder ROM with elbow flexed 
tests shoulder ROM with an ulnar bias and 
hand behind back tests shoulder ROM with 
a radial bias. 

o Goal: Increasing tension free ROM with 
reduction in pain should be sufficient to 
allow increased function of the shoulder. 

— Test: Tinel’s tap test: at the carpal tunnel, 
Guyens canal, cubital tunnel and over the 
brachial plexus (Erb’s point). The greater the 
number of positive Tinel’s sites the greater 
the sensitivity of the nervous system. 

o Goal: Decrease sensitivity of the ner- 
vous system, resulting in a negative tap 
test. 

— Test: Palpation to assess tenderness: ante- 
rior scalene, subclavius and pectoralis 
minor. 
© Goal: The more sites of tenderness, the 

more likely it is that the tender muscles 
are hyperactive. Therefore the goal is to 
reduce the hyperactivity of these dual 
functioning muscles. (Breathing, neck 
and shoulder girdle movements). 

— Test: Sensation of numbness or paraesthe- 
Sia more commonly C8/TI in distribution. 


© Goal: Normal sensitivity in C8-T1. 
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Tests Used to Differentiate NTOS from 
Other Problems (Most Commonly, at 
This Phase, Cervical Radiculitis) 


e Spurling’s test. A positive sign (incriminat- 
ing a cervical disc problem) is pain or tingling 
referred to the ipsilateral arm. Referral to the 
contralateral arm suggests NTOS. 

¢ Positioning the arm overhead eases the symp- 
toms caused by cervical disk disease, while it 
aggravates the symptoms in NTOS. The ele- 
vated arm stress test (EAST) is a variant of this. 

¢ Manual distraction of cervical spine eases 
symptoms caused by cervical disk disease, but 
aggravates those caused by NTOS. 


Testing to Assess Changes Over Time 


e Test: Hand temperature (conveniently mea- 
sured with an infrared wine thermometer). 
Normal is symmetry between index and fifth 
digit and in high 80s low 90s. The hands may 
be cold with asymmetry between the index 
and little finger with the little finger commonly 
colder than the index finger [6]. The measure- 
ment error with the wine thermometer is esti- 
mated to be +2°. 

— Goal: Re-establish normal physiologic 
response to diaphragmatic breathing, walk- 
ing, and repeated movements of the arms. 
The normal response is increasing hand 
temperature. In NTOS the response can be 
a decrease in temperature. 

¢ Test: Patients with NTOS have a breathing 
pattern at rest that is upper chest, scalene, sub- 
clavius and pectoralis minor dominant rather 
than diaphragmatic. 

— Goal: Calm the neurological system with 
parasympathetically sustained diaphrag- 
matic breathing. Measure by increased ten- 
sion free range of motion of the brachial 
plexus. Able to inhale 50 % without acti- 
vating the scalenes [7, 8]. 

¢ Test: Even in NTOS, neurodynamic testing of 
sciatic plexus using straight leg raise (SLR) 
can be positive for abnormally restricted 
mobility and increased sensitivity. The extreme 
example is reproduction of hand symptoms 
with SLR. 
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Fig.9.1 Right ULTT: 
Starting position note that 
the nervous system in its 
resting position should be 
relaxed and asymptomatic 


— Goal: Symmetrical (SLR) with pull in 
hamstrings and ROM 65° or greater. 
Test: Neurodynamic testing of upper limb ten- 
sion test (ULTT) [8, 9]. I consider using the 
ULTT to assess the brachial plexus is as impor- 
tant as using the SLR to examine the sciatic 
plexus in symptoms of the lower extremity 
(Figs. 9.1, 9.2, 9.3 and 9.4). The ULTT limita- 
tion is not specific for a particular anatomical 
site but rather incriminates the nervous system 
as a whole in the symptom production [8, 9]. 
— Goal: Use ULTT to assess increase in ten- 
sion-free ROM of the brachial plexus which 
provides an objective measure of a decrease 
in neural sensitivity. 
Test: Cardiovascular assessment using a tread- 
mill: Evaluate ability to walk without an 
increase in symptoms, record speed and time 
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to a maximum of 20 min. Modify the speed 

and time and swing arms or support arms to 

avoid pain increase. 

— Goal: Swing arms, while walking at a 
speed of 3 mph, for 20 min, four times a 
day, without increase in symptoms. 

Test: Strength testing of the cervical spine, 

scapula, low back and thumb. Muscle weak- 

ness, if present, is mild and involves most com- 
monly the thenar, hypothenar and interossei 
muscles innervated by the ulnar nerve. The tra- 
ditional grip and pinch tests are within normal 
limits. To assess the relationship of the cervical 
spine stability and weakness of the thumb, 
examine with Kabat test (see Chap. 23). This 
test evaluates weakness of the intrinsic core 
stabilizers of the neck. It is also a sensitive 
measure of the dysfunction of the dynamics of 
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Fig. 9.2 Ending position before 
treatment Arm movements to 
take up the slack in the Brachial 
Plexus to initial point of tension. 
Assess symptoms at position of 
increase in tension. Record 
example as follows: Right ULTT: 
Symptoms of tension right IV 
and V digits at 40° of gle- 
nohumeral abduction and 180° of 
elbow extension without scapular 
depression without wrist and 
finger extension (This is a typical 
example of initial finding with 
NTOS) 


Fig. 9.3 End Range of Motion 
after a treatment technique such 
as diaphragmatic breathing. 
Sample of ULTT ending position 
demonstrating decrease in neural 
sensitivity. Assess symptoms at 
increase in tension position. 
Record as follows: Right ULTT, 
Symptoms of tension in IV and V 
digits at 90° of glenohumeral 
abduction and 180° of elbow 
extension without scapular 
depression and without wrist and 
finger extension. Typical example 
of NTOS as nervous system is 
decreasing in irritability. 
Commonly assessed by having 
the patient walk with a stride that 
does not increase pain and 
swinging the arms provided that 
also does not increase pain 
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Fig. 9.4 Further increasing 
range of motion typical 
example with NTOS as 
nervous system is decreasing 
in irritability and now cannot 
find tension with full 
abduction of the arm unless 
take up more slack in the 
nervous system by hyper- 
extending wrist and fingers. 
Record as follows: Right 
ULTT: Symptoms IV and V 
digits at 90° of glenohumeral 
abduction and 180° of elbow 
extension without scapular 
depression with wrist and 
finger extension 


the neck and shoulder girdle stability. The 
physical therapist and the patient can use this 
test, plus the Thinker’s Pose, to determine if 
an activity/exercise causes a unilateral weak- 
ness. These weaknesses and/or dysfunctions 
are associated with patient with a diagnosis of 

NTOS [10]. 

— Goal: To be strong in all postures and dur- 
ing all exercises when initially they were 
weak. 

Herman Kabat, M.D., the originator of the 
physical therapy technique termed propriocep- 
tive neuromuscular facilitation (PNF), recognized 
that in the evaluation of neuromotor control of 
the hand and its relationship to the cervical spine 
that following proprioceptive stimulation of the 
deep neck flexors the weakness in unilateral deep 
thumb flexor could be reversed with an immedi- 
ate increase in strength of the weak thumb. The 
deep head of flexor pollicis brevis is tested iso- 
metrically in the shortened range of thumb adduc- 
tion [11] (Fig. 9.5). For an accurate test care must 
be used to minimize activity from median inner- 
vated muscles such as opponens pollicis and the 
long flexor of the thumb and the fingers. If one 
thumb is weak, it is re-tested while the patient is 
doing the Thinker Pose (Fig. 9.6). The force is 
just enough to activate proprioceptors in the deep 
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Fig.9.5 Assessing strength of the ulnar innervated thumb 
muscles of the hand using an instrument as shown, the 
strength can be measured 
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Fig.9.6 “Thinker Pose” 


neck flexors as the patient initiates movements of 
the trunk or upper extremities. The applied force 
should be thought of as a proprioceptive neuro- 
muscular stimulus to the stabilizers of the neck 
rather than a strengthening stimulus, which could 
activate the scalenes as well as the deep neck 
flexors. If weakness is reversed, it is thought to be 
due to the isometric activation of the core stabi- 
lizers (deep neck flexors) with minimal or no 
activation of the scalenes, subclavius or pectora- 
lis minor muscles. The hand weakness returns 
with stress to the neck in the form of minimal 
stress of gravity such as fully erect posture vs. 
relaxed forward head posture or flexed neck pos- 
ture vs. relaxed resting posture. The patient who 
has a weak thumb that is strengthened by the 
“Thinker Pose” characteristically, has weakness 
in the stabilizers of the neck, lumbar spine and 
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stabilizers of the scapula. Test the patient at each 
treatment to assess whether they are functionally 
stable in neutral, fully erect and flexed postures. 
This would be accomplished when the thumb 
tests strong without input from the thinkers 
pose. 


Comments 


As in any medical condition, the purpose of the 
initial evaluation is to identify and characterize 
the problem at hand. It is a non-trivial point that 
the physical therapist’s evaluation must not cause 
increased sensitivity of the nervous system, 
because the nervous systems’ response to NTOS 
involves the whole nervous system generating an 
abnormal response to minimal movement/activ- 
ity to begin with! The care provided by the physi- 
cal therapist must provide a model for the patient 
the care they need to use to manage their prob- 
lem. The ability to do a thorough evaluation with- 
out exacerbating the patient’s symptoms will 
establish a foundation of confidence in the practi- 
tioner’s skill and experience. In treatment, a 
change you can make during a visit may not be 
sustained but even so can provide the patient with 
the understanding that it is possible to reverse 
some of the symptoms and signs almost immedi- 
ately. It may take repetition of dysfunctional 
symptoms to correct the neuromotor dysfunction, 
and it is possible to retrain such a normal neuro- 
motor response with repetition also. 

The more sensitive the nervous system is, the 
slower will be the progression of treatment. The 
usual goals of strengthening and stretching have 
to be monitored carefully and can be maladap- 
tive if they increase the sensitivity of the nervous 
system. In patients with NTOS, the nervous sys- 
tem has been injured and the chronicity of the 
problem has resulted in the centralization of the 
pain. 


Conclusion 

The goals of the initial physical therapy evalu- 
ation are to examine the neurovascular system 
in order to develop a treatment plan and use 
the objective findings to assess progress. 
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The Gilliatt-Sumner Hand 


10 


Gabriel C. Tender and David G. Kline 


Abstract 

One form of NTOS results in the development of a clinical finding known 
as the Gilliatt-Sumner hand (GSH). The clinical features of GSH include 
weakness and atrophy of the thenar, hypothenar, and interossei intrinsic 
hand muscles. In addition, there is hypesthesia in the ulnar and medial 
antebrachial cutaneous distribution, but normal median nerve sensation. 
Electrical findings include decreased median and ulnar compound muscle 
action potentials (CMAP’s) and ulnar and medial antebrachial cutaneous 
(MAC) sensory nerve action potentials (SNAP’s). GSH has a frequent 
association with congenital anatomic variations which cause entrapment 
of the lower trunk of the brachial plexus. These variations include bony 
anomalies such as hypertrophic C7 transverse processes and cervical ribs, 
or soft tissue abnormalities like a cervical band, Sibson’s fascia, or thick- 
ened medial border of the scalene muscle. In this subgroup of NTOS 
patients, a surgical decompression is indicated. Surgical results indicate 
that symptom progression is usually stopped, and often the pre-existing 


neurological deficits are reversed. 


Historical Perspective 


Neurogenic thoracic outlet syndrome (NTOS) is 
one of the most controversial entrapment neu- 
ropathies to diagnose and treat [1]. Historically, 
NTOS was divided into two categories: “true” 
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and “disputed”. The latter had poorly defined 
boundaries, whereas the term “true” NTOS was 
applied to patients who had a demonstrable, 
chronic C8, T1 and lower trunk brachial plexopa- 
thy, usually caused by congenital bony and soft 
tissue anomalies. In 1970, Gilliatt described the 
characteristic features of “true” NTOS: thenar, 
hypothenar, and interossei weakness and/or atro- 
phy, plus ulnar and medial antebrachial cutane- 
ous hypesthesia in the affected arm, but normal 
sensation in the median nerve distribution [2]. 
This constellation of clinical features, along with 
associated electrical findings, is now recognized 
as the Gilliatt-Sumner hand (GSH). 
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Given the infrequency of this syndrome, many 
symptoms are often misinterpreted as cervical 
radiculopathy, ulnar entrapment at elbow or wrist, 
or even advanced carpal tunnel syndrome. 
Electromyography helps in the differential diag- 
nosis by showing normal ulnar conduction across 
the elbow, both median and ulnar decreased com- 
pound muscle action potentials (CMAP’s) in 
hand intrinsics, and decreased ulnar and medial 
antebrachial cutaneous (MAC) sensory nerve 
action potentials (SNAP’s), with normal median 
SNAP’s [3, 4]. 





Anatomic Considerations in GSH 


The surgical anatomy is described in detail in 
Chap. 6 of this book. Briefly, the spinal nerves 
and trunks of the brachial plexus are situated 
between the anterior and middle scalene muscles. 
The two scalene muscles and the first rib form the 
interscalenic triangle, the site of entrapment for 
most cases of TOS. The subclavian artery accom- 
panies the lower trunk in the interscalenic trian- 
gle, in close proximity to the first rib, while the 
subclavian vein runs in front of the anterior sca- 
lene muscle. 

Congenital anatomic variations can compro- 
mise the narrow passage of the nerve roots in the 
interscalenic triangle [1]. Bony anomalies include 
hypertrophic C7 transverse processes and cervi- 
cal ribs [5]. More often, soft tissue abnormalities 
like a cervical band, Sibson’s fascia, or thickened 
medial border of the scalene muscle are respon- 
sible for the entrapment. 

We have used two approaches to decompress 
the lower brachial plexus involved by TOS: ante- 
rior supraclavicular and posterior subscapular. 
The anterior supraclavicular approach is better 
known to most neurosurgeons [6, 7] and is 
described in Chap. 29. The posterior subscapular 
approach is reserved for “complicated” cases: 
morbid obesity, large bony abnormalities (cervi- 
cal ribs or very large C7 transverse processes), or 
cases with previous anterior neck operations [8, 
9]. Skin incision is centered between the thoracic 
spinous processes and the medial edge of the 
scapula, in order to protect the spinal branch of 
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the accessory nerve and the ascending branch of 
the transverse cervical artery (Fig. 10.1, upper 
left). The major and minor rhomboids, and then 
the levator scapulae, and more superiorly a por- 
tion of the trapezius, are sectioned. The scapula is 
then retracted to an abducted and externally 
rotated position, by use of a chest retractor 
(Fig. 10.1, upper right). The first rib is exposed 
and is removed by rongeurs extraperiosteally, 
from the costotransverse articulation to the costo- 
clavicular ligament (Fig. 10.1, lower left). 
Removal of the posterior and middle scalene 
muscles exposes the lower spinal nerves and 
trunks of the brachial plexus, which are freed up 
by acomplete 360° external neurolysis (Fig. 10.1, 
lower right). Care must be exercised to protect 
the long thoracic nerve as it originates from the 
posterior aspect of C6 as well as branches to it 
from C5 and C7, and sometimes C4 spinal nerves. 
Potential sites of compression by soft tissue, such 
as a fascial edge of middle scalene, Sibson’s fas- 
cia, scalenus minimus, cervical rib or elongated 
C7 transverse process are removed. If necessary, 
the spinal nerves can be followed intraforam- 
inally by removing part of the facet joint [8, 11]. 

If intraoperative nerve action potential (NAP) 
recordings are performed, the typical patient will 
have a markedly decreased or flat Tl to lower 
trunk NAP, moderately reduced C8 to LT NAP, 
and normal C7 to MT trace. Velocities are simi- 
larly affected, mostly in the T1 to LT traces, fol- 
lowed by C8 to LT traces and C7 to MT recordings 
[12, 13]. 

Potential complications of the posterior 
approach to the brachial plexus include intraop- 
erative pleural rents, which can be recognized 
immediately and closed primarily, and scapular 
winging, which may be due to inadequate muscle 
layer closure. 





Surgical Series 


We reported a series of 33 patients with GSH 
who underwent surgical decompression of 34 
limbs at LSUHSC [14]. All patients had weak- 
ness and atrophy of lumbricales, interossei, and 
thenar and hypothenar muscles. Three patients 
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Fig. 10.1 Illustration depicting the posterior subscapular 
approach. Upper left: skin incision. The flexed elbow and 
arm are placed on a Mayo stand adjacent to the operating 
table. This can be lowered or elevated to change the posi- 
tion of the scapula. The skin incision is placed halfway 
between the scapular edge and the thoracic spinous pro- 
cesses. Upper right: scapular retraction. As the retractor is 
opened, the scapula is rotated laterally to expose the pos- 
terior aspect of the upper ribs. The posterior scalene mus- 
cle is detached from the superior surface of the first rib. 


also had weakness of finger extension, and four 
had flexor profundus weakness. Sensory exami- 
nation usually paralleled motor function, but was 
less reliable. Pain was absent in about one third 
of the patients; when present, it was described as 
a dull, constant poorly localized ache radiating 
down the arm. Eleven of our patients had previ- 
ous operations, none of which alleviated the TOS 
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__— Brachial plexus 
_— Subclavian artery 
Subclavian vein 


First rib 


Lower left: exposure of the inferior brachial plexus. The 
first rib is resected from the costotransverse articulation to 
the costoclavicular ligament. Lower right: the brachial 
plexus after neurolysis. The C8 and TI spinal nerves 
appear thin and scarred. The long thoracic nerve origi- 
nates from the posterior aspect of C6 and C7 spinal nerves 
at this level. The subclavian vessels are located anterior to 
the plexus (Reprinted from Kline et al. [10]. with permis- 
sion from Elsevier) 


symptoms. We used the anterior supraclavicular 
approach in 19 limbs and the posterior subscapu- 
lar approach in 15 limbs. The most common indi- 
cations for a posterior approach were previous 
anterior neck operations and morbid obesity, 
since scar in the supraclavicular region, as well as 
working at an increased depth (i.e., in morbidly 
obese patients), make the exposure of the inferior 
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plexal elements through an anterior approach 
extremely difficult. 

Intraoperative NAPs are important in demon- 
strating the nerve pathology and localizing the 
level of injury. When compared to C5 to upper 
trunk, intraoperative NAPs showed a median 
reduction in velocity to 17 % for T1 to lower 
trunk (LT), and 30 % for C8 to LT. Similarly, the 
amplitude was reduced to 30 % for T1 to LT, and 
to 40 % for C8 to LT [14]. 


Results 


Outcome was analyzed in terms of pain in the 
affected limb and motor function in the four mus- 
cle groups (thenar, hypothenar, lumbricales and 
interossei). Of the 21 patients who experienced 
pain preoperatively, six had complete resolution 
and 14 had partial improvement of the pain level 
postoperatively. Only one of the patients had 
significant residual pain at the 1 year follow-up 
Visit. 

Analysis of the pre and postoperative deficit 
showed significant improvement in 12 of 14 
extremities with mild deficit preoperatively and 
partial improvement in 14 of 20 extremities with 
severe deficit. Disease progression was usually 
ameliorated by an adequate surgical decompres- 
sion. None of the patients experienced new or 
worsening of preexisting deficits at 1 year follow 
up. Patients with mild deficit were more likely to 
recover than the ones with severe deficit, although 
return to normal motor function was seldom 
achieved. 


Summary 


In patients presenting with NTOS and the finding 
of a GSH, a surgical decompression is indicated. 
Analysis of our series of patients indicates that 
symptom progression is usually stopped, and often 
(over 50 % of patients) some deficit is reversed, if 
adequate decompression of the C8, T1 spinal 
nerves and lower trunk is achieved. Of impor- 
tance, operative NAP recordings done on these 
patients indicate that conductive abnormalities 
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involve medial plexus elements, close to the spine, 
not lateral ones. Surgical decompression needs to 
involve the medial portion of the plexus, espe- 
cially the C8 and T1 spinal nerves (sometimes 
incorrectly referred to as “nerve roots’’). Electrical 
abnormalities included increased latencies and 
decreased amplitudes of NAP’s recorded from T1 
to lower trunk more than C8 to lower trunk more 
than C7 to middle trunk, respectively. Many of 
these patients recover some proportion of their 
motor function, although recovery is seldom com- 
plete. The pain syndrome, when present, is also 
improved by surgery in the majority of patients. 
Experience with not only the anterior but also the 
posterior exposure of the brachial plexus is help- 
ful for optimal outcomes, especially in patients 
with prior operations, morbid obesity, or large 
bony abnormalities. 
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Hugh A. Gelabert 


Abstract 

NTOS in a child the consequences may be devastating form both a physi- 
cal and emotional perspective. The rarity of the condition in children and 
adolescents frequently results in a delayed diagnosis, and children often 
present at a stage where the condition is severe and disabling. In this age 
group, injection of into the anterior scalene muscle also is a very specific 
test which may assist in establishing the diagnosis of NTOS. While most 
adults with NTOS will benefit from physical therapy, adolescents and chil- 
dren tend to have such acute and severe presentations that PT is seldom 
sufficient to achieve resolution. Controlling symptoms with chemodener- 
vation using Botulinum toxin A may allow some patients to complete a 
school term before proceeding with surgical decompression. Surgical 
decompression of the thoracic outlet is the most effective means of allevi- 
ating severe, disabling symptoms in the pediatric population. 


Introduction 


NTOS typically presents with pain and paresthe- 
sia. It may also include muscle wasting, atrophy 
and weakness in the upper extremity. When these 
occur in a child the consequences may be devas- 
tating form both a physical and emotional per- 
spective. The incidence of pediatric aged patients 
presenting with TOS is undefined but known to 
be low — accordingly most pediatricians are unfa- 
miliar with the condition. The diagnosis is low 
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on the differential of upper extremity pain. 
Because of the rarity of the condition in children 
and adolescents, the recognition of NTOS is fre- 
quently delayed. Presentations are often at a 
stage where the condition is acute, severe and 
disabling. 

Additional diagnostic features are often 
required for those not familiar with TOS to rec- 
ognize its presence. This is one reason for the 
observed relative increased frequency of vascular 
TOS (versus NTOS) and also the observed fre- 
quency of skeletal anomalies (cervical ribs, sco- 
liosis) noted in younger patients [1]. It is also for 
this reason the incidence of cervical ribs and true 
neurogenic presentations with wasting of the 
musculature of the hand and arm is increased in 
this patient population [2, 3]. 
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Diagnostic Approach 


The initial approach to pediatric aged patients 
begins with a careful review of symptoms and 
presentation, as well as a meticulous physical 
examination of the patient. As the incidence of 
skeletal anomalies and cervical ribs is increased 
in this patient population, chest and cervical spine 
radiographs are essential. 

While MRI imaging of the cervical spine is 
done in all adult presentations, it benefit is lim- 
ited in the pediatric population. Given the younger 
ages, the probability of degenerative spine dis- 
ease is very low. An MRI of the cervical spine is 
done where history may suggest possible spine 
injury, or where examination indicates skeletal 
anomalies, pain or sensitivity with movement of 
the neck. More recently use of MRI for evalua- 
tion of the thoracic outlet, the brachial plexus, 
subclavian artery and subclavian vein has gained 
popularity [4]. The value of these studies is that 
they may provide evidence of compression at the 
thoracic outlet. 

Electrophysiologic testing such as electro- 
myography (EMG), nerve conduction testing 
have long been used to identify conditions which 
may mimic the presentation of TOS — specifically 
peripheral compression of the ulnar and median 
nerves [5]. These tests provide only indirect evi- 
dence of NTOS. More specific to the diagnosis is 
the somato-sensory evoked potential examination 
(SSEP) [6]. Recently the use of the median ante- 
brachial cutaneous (MAC) sensory neural action 
potential (SNAP) testing has been reported as 
having high sensitivity and specificity for the 
diagnosis of NTOS [7]. 





Anterior Scalene Muscle Block 


Injection of lidocaine into the anterior scalene 
muscle is a very specific test which may assist in 
establishing the diagnosis of NTOS [8]. The 
qualifying criterion of a successful or positive 
block is the reduction of symptoms of pain or 
paresthesia by at least 50 %. A positive block will 
serve to confirm the diagnosis of NTOS, and 
indicates that the symptoms of NTOS are related 
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to spasm of the anterior scalene muscle. It is the 
only test which can directly relate the patient’s 
symptoms to a specific anatomical entity. Thus it 
serves to illuminate the mechanism which is 
responsible for the patient’s symptoms. If the 
symptoms respond to a Lidocaine based scalene 
muscle block, it suggests that the patient may be 
a candidate for chemodenervation with a longer 
lasting agent such as Botox. The block also serves 
to predict a favorable result from surgical decom- 
pression. Finally the block serves to distinguish 
symptoms related to TOS from any other co-mor- 
bid conditions such as fibromyalgia or polymyal- 
gia rheumatica. 





Treatment 


Initial treatment of NTOS without atrophy of the 
intrinsic hand muscles will involve physical ther- 
apy, medication and neuromuscular blockade. 
While most adults with NTOS will benefit from 
physical therapy, adolescents and children tend to 
have such acute and severe presentations that PT 
is seldom sufficient to achieve resolution. In most 
instances of severe NTOS, PT will afford tempo- 
rary relief, but further treatment is required. 

Medications which are used for control of 
NTOS symptoms may be of limited use in chil- 
dren and adolescents. The severity of symptoms 
and the strength of the medications may render 
the patients unable to maintain normal daily 
activities. Students may not be able to attend 
school; athletes may not be able to play sports 
while on medication. The efficacy of medication 
in achieving complete remission of symptoms in 
severe presentations is limited. 

The pharmacological approach to NTOS in 
pediatric aged patients is similar to that used in 
adults: anti-inflammatory and narcotic medica- 
tions may be provided to relieve pain; muscle 
relaxants are provided to reduce muscle spasm; 
anti-depressants (such as amitriptyline) or medi- 
cations such as pregabalin, gabapentin or topira- 
mate can be used for relief of nerve irritation. 

Chemodenervation of the anterior scalene 
muscle, the pectoralis minor, subclavius and 
upper trapezius muscles is very effective both as 
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diagnostic and therapeutic intervention [9, 10]. 
This technique is discussed in greater detail in 
Chap. 20. The impact of a successful chemoden- 
ervation may be dramatic. When it works it may 
result in complete relief of symptoms with no 
side-effects. For the pediatric aged patients this 
allows them to continue with school without pain 
and paresthesia. For athletes while it allows con- 
trol of symptoms, it does not allow return to ath- 
letic competition. In practice we have found use 
of long-lasting chemodenervation with Botox to 
be helpful in allowing patients to complete their 
school term before proceeding with surgical 
decompression. 





Surgical Decompression 


Surgical decompression of the thoracic outlet is 
the most effective means of alleviating severe, 
disabling symptoms in the pediatric population. 
It is a challenging effort, as the impact of compli- 
cations or poor outcomes is magnified by the 
young age and dependency of the patients. 
Surgical approaches which have been reported 
include trans-axillary first rib resection, supra- 
clavicular anterior and middle scalene muscle 
resection, and supra-clavicular first rib resection. 

Given the rarity of NTOS in pediatric aged 
patients it is not surprising that there is a dearth of 
literature dedicated to this problem. Most reports 
combine both vascular and neurogenic TOS pre- 
sentations. Additionally most reports include 
only a handful of patients and thus account for a 
limited experience. 

The earliest report found on Medline search of 
TOS in a child was by Nichamin in 1962 [11]. 
The youngest TOS patient reported in the medi- 
cal literature was a 6-year-old boy who developed 
a subclavian artery aneurysm related to TOS 
compression [12]. Yang reported four cases of 
NTOS in the adolescent population [13]. Vercellio 
reported eight TOS patients ranging 8-16 years 
of age, including two that presented with neuro- 
genic symptoms [14]. Follow-up ranged from 
6 months to 3 years [14]. Six patients did well, 
with one recurrence out of the seven surgically 
treated patients. Swierczynska reported three 
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teenaged patients with NTOS [15]. The authors 
noted that neuro-rehabilitation did not result in 
complete recovery, whereas the combination of 
rehabilitation with surgical treatment led to mea- 
surable improvement as recorded by SSEP test- 
ing. Maru reported a series of 12 patients (average 
age 16 year) with TOS, finding acute ischemic 
symptoms as the initial presentation in 38 %, 
venous symptoms in 24 %, and neurogenic symp- 
toms in 38 % [16]. They observed that vascular 
TOS presentations are much more common in 
adolescents and that the results of surgical are 
good in all subtypes of patients with TOS. 

The largest series of pediatric and adolescent 
TOS reports are from UCLA [2, 3] and St 
Christopher’s Hospital in Philadelphia [17]. 
These series both report combined vascular and 
NTOS cases. Rigberg reported a series of 18 
patients, of whom 12 had NTOS [2]. In compar- 
ing the neurogenic and vascular TOS presenta- 
tion he observes that NTOS predominantly affects 
female patients, whereas the vascular presenta- 
tions were predominantly male athletes. The 
authors also note the impact and severity of the 
TOS presentations: 14 of their 18 patients were 
forced to take leave from school due to severity 
of their symptoms. While the preferred surgical 
approach was trans-axillary first rib resection, 
42 % of neurogenic patients also required scale- 
nectomy. There were no complications, and all 
patients improved and were able to resume scho- 
lastic activities. 

Arthur reported a series of 25 patients (ages 
12-18 years) who underwent surgical decom- 
pression for vascular and neurogenic TOS [16]. 
They noted that vascular TOS presentations 
accounted for the majority 14 (66 %), and NTOS 
was seen in 11 (44 %). They noted that 3 of the 
11 (27 %) NTOS patients had cervical ribs. Their 
follow up was limited and they reported that of 
five long-term follow up patients, only two were 
considered asymptomatic. The symptom severity 
was such that only one patient required a second- 
ary operation (scalenectomy) which resulted in 
significant improvement. 

The UCLA series has been recently updated 
with a report of 33 teenaged patients presenting 
with TOS [3]. Of these 21 (64 %) had NTOS 
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Table 11.1 Adolescents and TOS alleviate symptoms while preparing for surgi- 
Number % Males % Females % cal decompression. Surgical decompression 
All 33 8 24 25 75 via first rib resection is highly effective in well 
Neurogenic 21 64 2 9 19 91 selected patients. Experience with pediatric 
Vascular 12 36 6 50 6 50 patients indicates that the need for secondary 
Adolescents (ages 13-19) presenting with TOS: neurogenic resection of the anterior scalene muscle may 
TOS and vascular TOS (TOS Thoracic outlet syndrome) be required in up to 30 %. Long term results in 
pediatric patients are very good with long last- 

Table 11.2 Cervical ribs: Adolescents and TOS ing effective symptomatic relief. 


No. patients Cervicalribs % 
Neurogenic 21 5 23 


Number of cervical ribs in adolescent TOS 
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Abstract 
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The symptoms of NTOS in athletes may be nuanced, and are often specific 
to their athletic activities. There are many conditions with overlapping 


symptoms affecting the upper extremities which must be excluded in high 
performing athletes. Because they repeatedly are required to perform 
exaggerated and at times violent movements of the upper extremities, 
NTOS in this highly competitive group may pose unique treatment 


challenges. 


Introduction 


The symptoms of neurogenic thoracic outlet 
syndrome (NTOS) include pain, numbness, and 
parsenthesias in the arm or hand sometimes asso- 
ciated with neck or shoulder pain. These symp- 
toms vary in location and severity depending on 
position or level of intensity of activity with the 
extremity. Physical examination typically reveals 
tenderness and spasm over the scalene triangle 
and symptoms may be reproduced with direct 
palpitation over the plexus or with provocative 
maneuvers. Diagnostic imaging and electro- 
physiological testing may be unremarkable but 
hold value in exclusion of other conditions that 
may cause similar or overlapping symptoms. 
Temporary relief or improvement in symptoms 
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with scalene or pectoralis minor block with local 
anesthetic may lend support to the diagnosis of 
NTOS and may also be predictive of the response 
to decompression [1]. 

These same general characteristics are present 
in the athlete experiencing symptoms secondary 
to NTOS; however, the clinical presentation in 
this highly functioning competitive group may be 
nuanced and deserves special consideration. High 
performance athletes with NTOS, particularly 
those at the collegiate and professional levels, 
present with symptoms specific to their athletic 
activities and may pose unique challenges for the 
treatment team not encountered in the “non- 
athlete”. 


Athletic Activities Predisposing 
to NTOS 


The athletes predisposed to the development of 
neurogenic symptoms are those who participate 
in sports requiring strenuous repetitive overhead 
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hand, arm and/or shoulder activities (Table 12.1). 
These athletes engage in exaggerated and at times 
violent movements of the extremity causing 
repetitive stretch injury to the scalene muscles 
culminating in acute and chronic inflammation, 
spasm and ultimately fibrosis. These changes in 
the muscle lead to compression and irritation of 
the cervical nerve roots and brachial plexus caus- 
ing neck pain, shoulder pain, and upper extremity 
pain, numbness and weakness. 

In addition to these typical symptoms, the 
competitive athlete may also present with com- 
plaints elicited by certain provocative movements 
unique to their own specific sports related activi- 
ties. The prototypical athlete who illustrates this 
point is the throwing athlete. The baseball pitcher 
with NTOS will complain of arm fatigue and loss 
of stamina with throwing, decrease in pitching 
velocity, and loss of grip strength and “feel” for 
the ball. Complaints of persistence of these symp- 
toms with a sense of a “dead arm” that may last 
for several days following a throwing session are 
common, whereas in the non-athlete, symptoms 
typically abate more quickly. One well known 
major league starting baseball pitcher treated by 
the author reported that he had always been 
known for his ability to pitch into the late innings 
of the game. With the development of his neuro- 
genic symptoms provoked by throwing, he was 
able to only pitch one or two innings before his 
arm because so fatigued he could not continue to 
throw and would be forced to leave the game. He 
had also experienced a 7-10 mph decline in the 
speed of his fastball concurrent with the fatigue, 
which is another common manifestation of NTOS 
in the throwing athlete. 


Table 12.1 Athletes predisposed to NTOS 


Baseball 

Football 

Softball 

Tennis 

Volleyball 

Soccer 

Golf 

Track and Field 
Swimmers 
Gymnastics/Cheerleading 
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A more subtle characteristic of NTOS seen in 
the baseball pitcher is the complaint of loss of 
“feel” for the ball. A baseball is covered in cow- 
hide and stitched circumferentially with raised 
seams. The skilled throwing athlete puts move- 
ment on his pitches by varying the placement of 
his fingers in relation to the seams on the ball, as 
well as subtle variations in pressure applied to the 
ball by the fingertips and palmar surface on the 
throwing hand. The advanced pitcher with NTOS 
frequently complains of this elusive and insidious 
loss of perceptive feel for the baseball. 





Misdiagnosed Conditions in Athletes 
with NTOS 


An important characteristic seen in the athlete 
with NTOS is the common complaint of pain that 
may seem to be localized to the shoulder, biceps, 
elbow, and/or forearm. The localization of pain to 
a specific joint or muscle group in the athlete 
serves as a confounding factor, and may lead to 
misdiagnosis of a problem intrinsic to a particu- 
lar joint or muscle group. Examples of misdiag- 
nosis include a superior labral tear from anterior 
to posterior (SLAP lesion) in the shoulder, a 
bicep muscle strain, a medial collateral ligament 
strain, epicondylitis or cubital tunnel syndrome 
at the elbow, or pronator syndrome in the fore- 
arm. Incorrect diagnosis leads to a delay in the 
proper diagnosis of NTOS and the pursuit of 
appropriate and timely treatment (Table 12.2). 
The worst case is that in which the misdiagnosis 
culminates in an unnecessary operative procedure 
that does not address and correct the true under- 
lying problem of NTOS and could ultimately 


Table 12.2 Diagnostic considerations in the athlete with 
NTOS 


Cervical strain 

SLAP lesion (labral tear) 

Biceps strain 

Medial collateral ligament strain 
Epicondylitis 

Cubital tunnel syndrome 
Pronator syndrome 
Compartment syndrome 
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jeopardize the career or at the very least, lead to a 
lost season for a professional or scholarship ath- 
lete [2]. A misdiagnosis and misdirected proce- 
dure that fails to alleviate the athlete’s symptoms 
may lead to a sense of frustration or so much lost 
time that they may be released by their team, lose 
their scholarship, or be forced to give up their 
sport. In light of the frequency of confusing or 
overlapping symptoms in these high performing 
competitive athletes as it may affect the shoulder, 
biceps, elbow, forearm and hand, various imag- 
ing studies — typically deemed to be unnecessary 
in the general TOS population — may be neces- 
sary to help clarify the diagnosis. The vast major- 
ity of athletes referred to our practice for 
evaluation of NTOS have already undergone 
extensive imaging evaluation by the orthopedic 
and sports medicine team physicians which may 
include MRI of the shoulder, elbow or spine, MR 
arthrogram or even diagnostic arthroscopy. 


Treatment and Results 


Initial treatment of NTOS generally includes rest 
of the affected extremity, physical therapy to 
relax and stretch the scalene and pectoralis minor 
muscles and judicious use of muscle relaxants 
and anti-inflammatory agents. This will typically 
be continued for at least 4-6 weeks to gain maxi- 
mum affect. Additional treatments that may be 
attempted, particularly in the athletic group, 
include corticosteroid injections into the symp- 
tomatic joint. However, in the setting of NTOS, 
the high performing competitive athlete rarely 
experiences satisfactory durable relief of their 
symptoms without surgical decompression. The 
lack of efficacy of conservative non-operative 
treatment may well be attributed to the forceful 
and repetitive nature of the activities inherent in 
this high performing group. By the time most 
athletes are referred to us for evaluation of TOS 
by the treating team physician or trainer, most 
felt they had already exhausted any hope of expe- 
riencing meaningful and satisfactory improve- 
ment with the non-operative program that would 
allow them to return to their expected high levels 
of functional performance. Additionally, the 
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athletes all had a sense of urgency to proceed with 
more definitive treatment arising from their frus- 
tration in failure to experience timely resolution 
or significant improvement of these symptoms 
that would allow them to return to competition. 

In our practice at Baylor University Medical 
Center of Dallas in the past year, January 1, 2010 
to December 31, 2010, 77 thoracic outlet decom- 
pressive procedures were performed in 75 
patients. Of the 77 procedures, 73 were per- 
formed for NTOS. Forty-seven of the 75 patients 
treated over the past year with surgical decom- 
pression fell into the category of competitive ath- 
lete. Of the 47 athletes, 44 presented with and 
were treated for NTOS. Once a sound diagnosis 
of NTOS had been established and conservative 
management had been offered and failed, surgi- 
cal options were carefully reviewed with the 
patient as well as expectations of outcome and 
the anticipated recovery process to return to full 
athletic activities. Our surgical treatment for 
NTOS in these competitive athletes is performed 
through a supraclavicular approach with a thor- 
ough anterior and middle scalenectomy, brachial 
plexus neurolysis and complete first rib resection 
[3]. We also recognize the potential importance 
of brachial plexus compression in the sub-pectoral 
space and the contribution to the neurogenic 
symptoms from compression at this site and when 
indicated, pectoralis minor tenotomy was per- 
formed concomitantly with the supraclavicular 
decompression. Following the operative proce- 
dure all patients were monitored overnight in the 
hospital with a small number spending a second 
night to ensure adequate analgesia with IV nar- 
cotics. Patients were seen for office follow-up 
2-3 weeks following the surgery and then started 
into a post-operative rehab program with physi- 
cal therapy and gradual resumption and progres- 
sion to their athletic activities during the latter 
half of the program. The majority of the athletes 
returned to full activities by 10-12 weeks follow- 
ing surgical decompression. 

Given the chronic nature of pre-existing nerve 
injury in some of these patients, the ability to pre- 
dict and confidently assure the athlete that he or 
she will return to levels of physical ability that 
they had experienced prior to the development of 
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NTOS remains elusive [4]. There is currently 
very limited data regarding the predictability of 
outcomes in the treatment of NTOS in athletes. 
We have previously reported our outcomes and 
subsequent return to athletic activities and per- 
formance obtained via a mailed questionnaire to 
the patients [5]. This process proves to be quite 
cumbersome with less than satisfactory response 
from this group of young, busy and geographi- 
cally mobile individuals. We are currently in the 
process of developing a tool to assess outcomes 
in this young, generally tech savvy group utiliz- 
ing social media. Our hope is that this vehicle 
will facilitate a response rate that will allow us to 
more accurately and predictably assess the out- 
comes in this high performing, high achieving, 
and motivated group of individuals who have suf- 
fered disability and been unable to participate in 
their sport. 


G.J. Pearl 
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Cervical Ribs and NTOS 


Dean M. Donahue 


Abstract 


13 


Bone abnormalities of the C7 vertebrae include cervical ribs and elongated 
transverse processes, and represent space-occupying lesions within the 
confines of the thoracic outlet. These bone abnormalities, or the 
fibromuscular attachments between them and the underlying first thoracic 
rib, may cause irritation to the brachial plexus producing symptoms of 
NTOS. Conservative treatment may be the initial management, but is 
effective in a minority of patients. Surgical decompression of the thoracic 
outlet results in symptomatic improvement in most patients. 


Embryology 


In the developing human embryo, lateral costal 
processes form along each vertebrae of the entire 
spine. In the thorax these processes continue to 
grow to develop into ribs, but in the remainder of 
the spine they fuse with the vertebrae to become 
transverse processes. Abnormal development of 
these costal processes is most common at the sev- 
enth cervical vertebrae (C7) and likely is medi- 
ated by Hox genes [1]. This results in either a 
cervical rib or an elongated transverse process 
which extends beyond the transverse process of 





D.M. Donahue, MD 

Department of Thoracic Surgery, 
Massachusetts General Hospital, Blake 1570, 
55 Fruit Street, Boston, MA 02114, USA 
e-mail: donahue.dean@ mgh.harvard.edu 


K.A. Illig et al. (eds.), Thoracic Outlet Syndrome, 


the first thoracic vertebrae (Fig. 13.1). While 
structural differences distinguish the two (see 
Chap. 81), it is unclear if there is a clinically 
significant difference between cervical ribs and 
an elongated transverse process of C7. Previous 
series of TOS patients frequently report their 
incidence of cervical ribs based on plain cervical 
spine or chest radiographs, raising the possibility 
of misidentification due to radiographic similari- 
ties (Fig. 13.2). Incomplete cervical ribs termi- 
nate without bone articulation with the underlying 
first thoracic rib or manubrium, and represent 
approximately two-thirds of cases. Complete ribs 
articulate with the underlying rib or manubrium, 
and have a higher incidence of developing symp- 
toms spontaneously — without a history of trauma 
or repetitive strain. Complete ribs also appear to 
be the only cause of subclavian artery aneurysm 
associated with TOS. 
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Fig. 13.1 CT scan with 3-dimensional reconstruction of 
a patient with symmetrical bilateral symptoms of TOS. 
An incomplete cervical rib (open arrow) with an articula- 
tion to the transverse process of the C7 vertebrae is seen 
on the /eft. An elongated transverse process of the C7 ver- 


Fig. 13.2 Plain radiograph 
of the anterior cervical spine. 
This was initially interpreted 
as showing bilateral cervical 
ribs (open arrows), but a CT 
scan demonstrated that these 
bone projections originating 
from the C7 vertebrae were 
elongated transverse 
processes 


tebrae extending beyond the transverse process of the first 
thoracic vertebrae is seen on the right side (solid arrow). 
At surgery, dense tissue bands were found attaching each 
bone abnormality to the first thoracic rib 
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Epidemiology, Pathophysiology, 
and Clinical Presentation 


The exact incidence of bone abnormalities of the 
C7 vertebrae is not known. An analysis of 12 
studies shows the prevalence of cervical ribs 
ranging from 0 to 3 %, with two showing the 
prevalence of an elongated C7 transverse process 
as 2.2—21 % [2]. A review of 1,352 digital chest 
radiographs over a | year period reported the 
incidence of cervical ribs as 1.09 % in females 
and 0.42 % in males, and the incidence of an 
elongated C7 transverse process was 3.43 % in 
females and 1.13 % in males [3]. The presence or 
absence of symptoms in these patients was not 
reported. It is believed that most cervical ribs are 
asymptomatic, and patients with bilateral cervi- 
cal ribs may have only unilateral symptoms. 
Series of patients with TOS have reported the 
incidence of cervical ribs ranging from 4.5 to 
8.5 % [4, 5]. Female patients outnumber males 
by a 4:1 ratio, with the age at presentation typi- 
cally between 20 and 50 years-old. Symptoms 
can develop spontaneously, but approximately 
80 % of patients report a prior history of trauma 
— the majority being motor vehicle accidents or 
repetitive strain injury. 

The mechanism by which these bone abnor- 
malities produce symptoms is assumed to be 
from direct irritation or impingement of the bra- 
chial plexus from the aberrant bone or from 
fibromuscular tissues originating from the bone 
abnormality at C7. These tissues are consistently 
found at surgery, as reported by Nelems and col- 
leagues [6]. Because the lower trunk is closest to 
these abnormal structures, localized symptoms 
frequently involve the medial arm and hand. 
Tubbs and colleagues described the macroscopic 
and microscopic findings in two cadavers with 
cervical ribs found out of a series of 475 autop- 
sies [7] (the pre-morbid presence of TOS symp- 
toms in these cadavers was not known). The 
lower trunk of the brachial plexus in the two cer- 
vical rib cases showed fibrosis of the epineurium, 
perineurium and fascicles as well as hyalinized 
blood vessels and intraneural collagenous nod- 
ules. These findings were not present in age 
match control autopsies without cervical ribs. 
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Pain in the neck and arm is present in 80-95 % 
of patients presenting with NTOS and cervical 
ribs, with approximately half reporting pain in 
the upper chest, hand or occipital headaches. 
Paresthesias are reported by most patients, more 
commonly in the hand than the arm. Localization 
of pain and paresthesia to either a medial or lat- 
eral distribution is also more common in the hand 
compared to the upper arm or forearm. When 
localized, symptoms are reported in dermatomes 
innervated by the lower trunk of the brachial 
plexus in 70-90 % of cases. 

Physical exam findings frequently included 
tenderness and a positive Tinel’s sign at the sca- 
lene region. Subjective complaints of arm and 
hand weakness or decreased coordination are 
found in approximately 60 % of patients, but 
muscle weakness on exam is reproducibly dem- 
onstrated in approximately 10 %. Positional test- 
ing such as placing the arm at 90° of abduction 
with external rotation, or modified upper extrem- 
ity tension testing reproduces symptoms in over 
90 % of patients. The role of additional radio- 
graphic and electromyographic diagnostic tech- 
niques is covered elsewhere in the text. A full 
evaluation for other potential causes of symptoms 
suggestive of TOS should be performed in 
patients with cervical ribs. 


Treatment 


The initial treatment of patients with cervi- 
cal ribs and symptoms of TOS is frequently 
physical therapy (PT), although some view 
the presence of an objective bony abnormal- 
ity as an indication to proceed with operation 
without this step. Patients with cervical ribs 
that present with either acute vascular compli- 
cations or evidence of atrophy of the intrinsic 
hand muscles typically are offered surgery as 
the initial treatment. PT addresses the strength 
and mobility abnormalities that create postural 
compromise of the thoracic outlet. This abnor- 
mal posture creates cervicothoracic spine and 
shoulder dysfunction resulting in retraction and 
depression of the clavicle during arm elevation. 
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In the author’s experience, 25 % of patients with 
cervical ribs had greater than 50 % improvement 
in their symptoms of pain following treatment 
from an experienced therapist. The symptom- 
atic improvement was significant enough that 
surgical treatment was declined, illustrating 
the fact that the presence of a bony abnormal- 
ity per se, even in a symptomatic patient, is not 
necessarily an automatic indication for surgery 
(unpublished data). 

Patients with cervical ribs who are refractory 
to conservative treatment benefit from surgical 
intervention after other potential causes have 
been investigated. There is no consensus regard- 
ing the surgical approach or the extent of resec- 
tion. Options include resecting the cervical rib, 
the first thoracic rib or both, and no robust data 
exists supporting either option. It may be that a 
smaller cervical rib (<5 mm) needs only the 
soft tissue attachments resected along with the 
first thoracic rib, but resecting both ribs ensures 
adequate decompression of the thoracic outlet. 
The exposure can be obtained from either a 
transaxillary or supraclavicular approach, with 
the author favoring the latter along with resec- 
tion of the anterior scalene muscle and neuroly- 
sis of the brachial plexus performed under 
magnification. 

The largest series limited to patients with TOS 
and cervical ribs was published by Sanders and 
colleagues [4]. They reported the surgical results 
of 37 patients, and found “good to excellent” 
results in 72 %, “fair” in 17 and an 11 % failure 
rate. These patients had all failed to improve after 
3-12 months of PT. The intraneural pathology of 
the brachial plexus reported by Tubbs may 
explain persistent symptoms some patients may 
experience in spite of decompression including 
neurolysis. While only speculation, it may be that 
decompression of symptomatic patients prevents 
ongoing nerve damage resulting from cervical 
ribs. As some patients with cervical ribs remain 
asymptomatic throughout their entire lives, there 
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appears to be no role for surgery in incidentally 
found cervical ribs. 


Summary 


Cervical ribs or an elongated transverse process 
of the C7 vertebrae represent space-occupying 
lesions within the limited confines of the thoracic 
outlet. These bone abnormalities, or the 
fibromuscular attachments between them and the 
underlying first thoracic rib, may cause irritation 
to the brachial plexus producing symptoms of 
NTOS. These symptoms typically include pain in 
the neck and arm, with paresthesias of the hand. 
Conservative treatment may be the initial man- 
agement, but is effective in a minority of patients. 
Surgical decompression of the thoracic outlet, 
with resection of the anomalous bone, the first 
thoracic rib or both, results in symptomatic 
improvement in most patients. 
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Disorders 


14 


Emil F. Pascarelli 


Abstract 

The relationships between Neurogenic Thoracic Outlet Syndrome (NTOS) 
and the various forms of repetitive trauma disorders merit clarification. In 
many patients there is a link between NTOS and the various forms of 
repetitive trauma disorders. These disorders appear to, in part, stem from 
nerve involvement in the brachial plexus often related to poor posture. 
This in turn impairs peripheral muscle function when coupled with sus- 
tained overuse. Muscle regeneration is impaired due to a lack of activation 
of satellite cells located between muscle fibers and the basal lamina. 
Satellite cells create new muscle fibers under conditions of good circula- 
tion, intact nerve impulses and optimal hormonal factors. Our study and 
that of others show that about 70 % of persons with these trauma disorders 
have clinical evidence of NTOS. This association results in muscle dam- 
age particularly when associated with eccentric contraction of loaded 
stretched muscles. The degeneration-regeneration cycle of muscle is then 
impeded due to neurological circulatory abnormal factors decreasing the 
ability of satellite cells to repair damaged muscle. A logical continuum 
can be proposed under these circumstances linking NTOS with repetitive 
trauma in the peripheral nerves and muscles. 


A Definition of Repetitive Trauma 
Disorders 


of the upper extremities. Other descriptive terms 
include Repetitive Strain Injury (RSD), 
Occupational Overuse Syndrome (OOS), Upper 
Extremity Musculoskeletal Disorder, Myofascial 
Pain Syndrome, and Cervical Brachial Pain 
Syndrome [1]. Carpal Tunnel Syndrome (CTS) is 
a peripheral median nerve entity that is rarely 


The term Repetitive Trauma Disorders is used to 
describe work related soft tissue injuries, usually 
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associated with repetitive trauma disorders, and 
should not be employed as a synonym for 
Repetitive Trauma Disorders. 
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NTOS, Posture and the Relationship 
to Repetitive Trauma Disorders 


NTOS is a malady primarily due to compression, 
traction or obstruction of nerves by muscular, 
bony and ligamentous obstacles that lie between 
the spine, brachial plexus and the lower border of 
the armpit. The diagnosis of NTOS is primarily 
based on clinical observations, although imaging 
and electro-physiologic testing may also be nec- 
essary [2]. All too often, when a clinical exami- 
nation is not done, the examiner’s conclusion is 
that the patient’s symptoms are psychosomatic. 
A diagnosis of psychosomatic illness, without a 
clinical examination, could prevent the patient 
from getting necessary physical therapy 
treatment. 

NTOS appears to be clinically related to repet- 
itive trauma disorders, particularly when associ- 
ated with postural dysfunction. In our clinical 
study of 485 persons with repetitive trauma [3] 
we found that 80 % had postural dysfunction and 
70 % had NTOS at the time of initial examina- 
tion. During this study we found diminished hand 
temperature in 20 % of subjects. This finding 
may be related to stimulus from sympathetic 
nerve fibers that contribute to the brachial plexus 
from the sympathetic chain. This merits further 
investigation and may contribute to clinical diag- 
nosis. Sharan and colleagues confirm these results 
in studies of several thousand Indian patients 
with repetitive trauma from computer work asso- 
ciated with NTOS [4, 5]. Dr. Sharan points out 
that during repetitive work of the upper extremi- 
ties, the muscles of the proximal parts around the 
shoulders and neck are in static contraction while 
the peripheral muscles are in dynamic contrac- 
tion, resulting in tightness in the proximal mus- 
cles and overuse distally. The proximal muscle 
activity often leads to NTOS — particularly when 
combined with both postural deficiency and ana- 
tomical anomalies. 

The onset of postural dysfunction has been 
clearly illustrated by Sucher [6, 7]. His triptych 
illustration shows the gradual occurrence of 
neurovascular compression. As posture deterio- 
rates, shoulder protraction begins with sterno- 
mastoid muscle shortening, drawing the head 
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both anteriorly and inferiorly. This is followed by 
adaptive shortening of scalene and pectoralis 
minor muscles [6]. This postural dysfunction 
causes narrowing of the costoclavicular space 
with elevation of ribs one through five, leading to 
neurovascular compression. Postural deteriora- 
tion is key in the relationships between NTOS 
and repetitive trauma, as it affects the ability of 
peripheral muscles not only to function properly 
because of damage from eccentric activity, but 
also to impede regeneration of the muscle itself. 
Because skeletal muscle fibers tend to resist 
stretching, a fully extended muscle, when forced 
to lengthen because of an external load which is 
greater than the force the muscle can generate, is 
eccentric activity. 





Posture and Localization of Brachial 
Plexus Injury 


This postural displacement also produces a dis- 
tortion in the brachial plexus. Cervical spine 
radiographs often show loss of the normal lordo- 
tic curve of the neck [3]. Several studies have 
described which of the involved trunks of the bra- 
chial plexus relate to various symptoms [2, 8-10]. 
Superior trunk compromise causes pain radiating 
into the shoulder down the arm and along the 
central portion of the shoulder blade. There can 
also be swelling of the face and neck and occa- 
sional atypical migraine headaches. Medial cord 
injury causes pain in front of the neck radiating 
down the forearm and the fourth and fifth fingers. 
Lateral cord injury causes pain below the clavicle 
with tingling of the thumb, index, middle fingers 
and palm. Occasionally, chest wall pain can be 
erroneously thought to be a cardiac event. 
Posterior cord injury causes tingling or burning 
over the triceps muscle as well as the lateral epi- 
condyle. Often there is tingling and burning in 
the forearm, thumb, index and middle fingers. 
Inferior trunk injury causes dull aching in the 
forearm and tingling or burning of the fourth and 
fifth fingers often accompanied by weakness of 
the thumb muscles and intrinsic hand muscles. 
Note that inferior trunk injury is the most com- 
mon set of symptoms associated with NTOS. 
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These findings are also frequently present in 
patients with repetitive trauma disorder, buttress- 
ing the likelihood of a link between the two 
entities. 





Muscle Degeneration 
and Regeneration 


Why should NTOS lead to the often debilitating 
symptoms of repetitive trauma? The postural 
changes described in this chapter can be postu- 
lated as causing a continuing compromise of 
nerve and musculoskeletal function, which ulti- 
mately results in diminished muscle regenera- 
tion. Machleder [11] pointed to the loss of type II 
muscle fibers with a preponderance of Type I 
fibers persisting in injured patients. In order to 
understand what occurs with muscle injury we 
must look to the degeneration-regeneration cycle 
described by Mauro and others [12, 13]. The dis- 
covery of the muscle satellite cell has led to a 
plausible explanation for the genesis of repeti- 
tive trauma disorder [14]. Evaluation of muscle 
injury requires a close look at the degeneration- 
regeneration process and its relation to the 
nervous system. 

The muscle fiber complex consists of three 
basic components; the multinucleated, skeletal 
muscle fiber, its surrounding basal lamina and a 
population of mononuclear satellite cells capable 
of regenerating new muscle. These are premitotic 
cells found between the muscle fiber and the 
basal lamina. At birth, immature muscle fibers 
are associated with large numbers of satellite 
cells, which diminish with aging. The way in 
which muscles are used can increase injury. There 
is evidence to suggest [15, 16] that eccentric 
muscle contraction causing repetitive trauma can 
damage peripheral muscle cells, which are then 
phagocitized and replaced with new fibers by 
activated satellite cells. However, optimal blood 
supply and adequate nerve stimulus are two of 
several factors necessary for muscle regenera- 
tion. New muscle creation is impeded by the 
development of NTOS associated with the injured 
brachial plexus [17, 18]. The various brachial 
plexus injury patterns result in neuropraxia, 
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causing a compromise of actual muscle and nerve 
function that leads to diminished regenerative 
capacity of the peripheral muscle, which has been 
injured by eccentric muscle overuse [14]. 

We can infer that as a result of these proxi- 
mal and peripheral interactions, a strong rela- 
tionship exists between NTOS and Repetitive 
Trauma. Overloaded eccentric muscles sustain 
damage ordinarily repaired by the degeneration- 
restoration mechanism of the satellite cell. As 
a result, healing is impaired by the action of 
NTOS on muscles which, failing to heal, prolong 
chronicity. 
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Introduction 


Abstract 

Pectoralis minor syndrome (PMS) is a subset of neurogenic thoracic outlet 
syndrome (TOS) that can cause upper extremity symptoms of pain, par- 
esthesia, and/or weakness due to compression of the neurovascular bundle 
by the pectoralis minor muscle (PM). The most distinguishing symptoms 
and signs of PMS include pain and/or tenderness in the subclavicular ante- 
rior chest wall and axilla. The clinical diagnosis of PMS can be confirmed 
by an improvement in symptoms and physical findings following a PM 
muscle block with local anesthetic. Treatment begins with PM stretching 
exercises. If this is insufficient, PM tenotomy (PMT) is a low risk opera- 
tion, which can be performed as an outpatient. When PMS is the only 
diagnosis the success rate of PMT is 90 %, but when PMS is accompanied 
by nerve compression at the level of the scalene triangle the success rate of 
isolated PMT is only 35 %. PMS should also be considered in all patients 
with recurrent neurogenic TOS, as this condition has been found in a sub- 
stantial proportion of such patients. 


plexus compression at the level of the supra- 
clavicular scalene triangle (PMS+ST). Rarely, 


Pectoralis minor syndrome (PMS) is a subset of 
neurogenic thoracic outlet syndrome (TOS) that 
can cause upper extremity symptoms of paresthe- 
sias, pain, and/or weakness due to compression 
of the neurovascular bundle by the pectoralis 
minor muscle (PM) [1]. PMS may exist as an iso- 
lated condition or in combination with brachial 
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PMS may occur with predominant compression 
of vascular structures [2]. 


Anatomy 


The PM muscle arises from the anterior surfaces 
of ribs 2, 3, 4, and 5 and it inserts on the coracoid 
process of the scapula (see Chaps. 3 and 6). The 
space deep to the PM muscle contains the axil- 
lary artery (usually the most cephalad), the axil- 
lary vein (caudal to the artery), and the nerves of 
the brachial plexus, which are found around the 
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Table 15.1 Etiology Etiology # of patients Percent (%) 
or helt pectoris Auto accidents or non-work causes of neck trauma 15 38 
minor syndrome - 
Falls on the floor, ice, etc. 3 8 
Work accidents and repetitive stress injury (RSD) 7 18 
Sports: weight lifting, swimming, baseball, tennis 7 18 
Spontaneous (Idiopathic) 7 18 
Total 39 100 


Adapted from Sanders and Rao [1], p. 701-8. With permission from Elsevier 


artery and between the artery and vein. The 
latassimus dorsi and subscapularis muscles lie 
deep to the neurovascular structures. Perhaps 
because the brachial plexus nerves are usually the 
most superficial structures, lying closest to the 
PM tendon, these nerves are most often involved 
in extrinsic compression. 


Etiology 


In a recently published study of patients with 
PMS, either in isolation or accompanied by 
neurogenic TOS localized to the supraclavicu- 
lar scalene triangle, injuries of various types 
were present in 82 % of patients, whereas PMS 
developed spontaneously in 18 % (Table 15.1) 
[1]. The most common type of injury in isolated 
PMS was an automobile accident, similar to 
previous observations on the etiology of neuro- 
genic TOS (NTOS). A significant difference 
between isolated PMS and PMS+NTOS was 
the relatively high incidence of injuries in ath- 
letes in PMS (18 %). This group of athletes 
included a few teenage girls, all of whom were 
initially thought to have NTOS related to the 
scalene triangle but were found to have only 
PMS. 





Sym ptoms 


The most common symptom in patients with iso- 
lated PMS was paresthesia, although this was 
absent in 12 %. When compared to a group of 
patients who had PMS + NTOS, there was no sta- 
tistically significant difference in the incidence of 


pain in the upper extremity. However, a major 
difference between the two groups was that those 
with isolated PMS had significantly fewer symp- 
toms in the head and neck (Table 15.2). In NTOS 
related to the scalene triangle, neck trauma results 
in a high incidence of occipital headache, neck 
pain, and supraclavicular pain due to injury to the 
scalene muscles. In isolated PMS, neck pain is 
usually absent or less intense. Another indication 
of the lesser degree of intensity of injury in iso- 
lated PMS is the number of patients in each group 
still working (85 % for patients with isolated 
PMS compared to 57 % for patients with 
PMS+NTOS) (Table 15.2). 





Physical Examination 


Physical examination includes evaluation for ten- 
derness to palpation over the scalene, trapezius, 
deltoid and biceps muscles, as well as the rotator 
cuff, elbow and forearm, testing for reductions in 
sensation to very light touch in the fingers, and 
testing responses to provocative maneuvers of 
neck rotation, head tilt, the upper limb tension 
test (ULTT) of Elvey, and the elevated arm stress 
test (EAST) [3]. There are fewer positive findings 
on physical examination in patients with isolated 
PMS than in those with PMS + NTOS (Table 15.3). 
In a recent study, the only three positive findings 
present in almost all patients with isolated PMS 
were tenderness to palpation over the subcora- 
coid PM muscle tendon and a positive response 
to the ULTT and the EAST [1]. All other positive 
physical examination findings were significantly 
more frequent in patients with PMS + NTOS than 
in patients with isolated PMS (Table 15.3). 
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Table 15.2 
Presenting symptoms 
in patients with 
pectoralis minor 


Isolated PMS 
39 patients 


PMS +NTOS 
37 patients 


52 operations 48 operations 


syndrome Symptoms % of patients (#) % of patients (#) P value* 

Pain 
Occipital headache 31 (16) 81 (39) <0.001 
Neck 50 (26) 96 (46) <0.001 
Supraclavicular area 44 (23) 79 (38) 0.004 
Trapezius 87 (45) 96 (46) 0.163 
Subcoracoid anterior chest 69 (36) 92 (44) 0.059 
Axilla 52 (27/50) 78 (29/37) 0.024 
Shoulder 69 (36) 90 (43) <0.001 
Arm 71 (37) 88 (42) 0.053 

Arm/hand weakness 58 (30) 88 (42) 0.002 

Paresthesia 88 (46) 98 (47) 0.114 
All five fingers 54 (28) 48 (23) 0.699 
Fourth and fifth fingers 29 (15) 42 (20) 0.670 
First-third fingers 6 (3) 8 (4) 0.710 
None 12 (6) 2(1) 0.110 

Still working 85 (33/39) 57 (21/37) 0.011 

Adapted from Sanders and Rao [1], p. 701-8. With permission from Elsevier 

PMS pectoralis minor syndrome, PMS + NTOS with symptoms of neurogenic TOS related 

to the scalene triangle 

‘Fisher’s exact test 

Table 15.3 


Physical exam 
findings in patients 
with pectoralis minor 


Isolated PMS 
39 patients 


52 operations 


PMS+NTOS 
37 patients 


48 operations 


syndrome Physical exam finding % of patients (#) % of patients (#) P value* 

Pectoralis minor tenderness 92 (48) 100 (48) 0.119 
Trapezius tenderness 29 (56) 88 (42) 0.008 
Axillary tenderness 71 (32/44) 95 (38/40) 0.008 
90° AER (EAST) 82 (40/50) 98 (45/46) 0.008 
ULTT of Elvey 79 (40) 92 (46) 0.008 
Scalene triangle tenderness 48 (24) 86 (43) <0.001 
Biceps tenderness 54 (28) 88 (44) <0.001 
Neck rotation 40 (22/51) 80 (41) <0.001 
Head tilt 49 (24/51) 76 (39) <0.001 
Decreased sensation to touch 31 (16/51) 48 (23) 


Adapted from Sanders and Rao [1], p. 701-8. With permission from Elsevier 

AER abduction and external rotation, EAST elevated arm stress test, ULTT upper 
limb tension test, PMS pectoralis minor syndrome, PMS + NTOS with symptoms of neu- 
rogenic TOS related to the scalene triangle 

‘Fisher’s exact test 
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Relationship to Neurogenic TOS 


Although PMS was first described in 1945 [4], 
only four publications about this condition 
appeared over the next 59 years [5-8]. It was 
rediscovered in 1998 by Dr. George Thomas of 
Seattle; although he did not publish his observa- 
tions, PMS was described in a 2004 paper on 
recurrent neurogenic TOS [9]. Since 2005, every 
patient we have seen for possible neurogenic 
TOS has been specifically questioned for symp- 
toms of pain in the anterior chest wall and axilla, 
the key symptoms of PMS. On physical exami- 
nation we have routinely checked for tenderness 
to palpation over the subcoracoid PM muscle 
and in the axilla. The surprising finding was that 
75 % of all patients had positive findings of 
PMS. After complete clinical evaluation, 30 % 
were diagnosed with isolated PMS, while 70 % 
had PMS+NTOS. The essential difference 
between the two conditions is that isolated PMS 
presents with pain or tenderness in the anterior 
chest wall and axilla, along with symptoms in 
the upper extremity and few or no symptoms in 
the head and neck. Patients with NTOS present 
with similar extremity symptoms, but also fre- 
quently have neck pain and occipital headaches 
which can often be the predominating symp- 
toms. Patients who present with all of the typical 
symptoms of NTOS plus pain or tenderness in 
the chest and axilla are given both diagnoses 
(PMS+NTOS), as a form of “double-crush” 
syndrome [10]. 

Although many symptoms of the two con- 
ditions are similar, patients with isolated PMS 
often do not have as intense or as severe symp- 
toms as do patients with PMS + NTOS or those 
with NTOS predominantly localized to the sca- 
lene triangle. Patients with isolated PMS are 
rarely incapacitated by their symptoms and it 
is seldom that they stop working. If there are 
neck symptoms, they are more frequently mild 
and not a major complaint, and it is seldom that 
these patients complain of severe headaches. 
In patients with isolated PMS, physical exami- 
nation produces milder positive responses 
than in those with PMS+NTOS or those with 
NTOS predominantly localized to the scalene 
triangle. 


R.J. Sanders 
Diagnostic Tests 
Selective Muscle Blocks 


PM muscle block is a helpful and fairly reliable 
diagnostic test. It is performed by injecting 4 ml 
of 1 % lidocaine, with a #22 1.5-in. needle, 
directly into the PM muscle. This can be done 
with ultrasound control to identify the muscle, 
but it has also been done fairly accurately without 
ultrasound control by spreading the lidocaine 
over a 2-cm wide area, centered at the point of 
maximal tenderness on the anterior chest wall. 
The point of injection is 3 cm below the clavicle 
and into the point of maximum tenderness. Care 
must be taken to introduce the needle at a 45° 
angle pointing cephalad, to avoid entering the 
pleural cavity. After injecting 0.2-0.3 ml, the 
needle is moved so that the lidocaine is spread 
medially and laterally into and around the PM 
muscle. The depth of the needle is also moved 
with each small injection. Moving the needle in 
this manner helps ensure that a good portion of 
the lidocaine reaches the PM muscle. Each time 
the needle is moved, the syringe is also aspirated 
before injecting to ensure that a blood vessel is 
not entered. If blood is aspirated, the needle is 
withdrawn a few millimeters, repositioned, and 
the injection is continued. 

The accidental injection of some of the lido- 
caine into the pectoralis major muscle or sur- 
rounding tissues does not influence the results of 
the PM muscle injection. However, if the injec- 
tion is too deep, resulting in paresthesias in the 
patient’s hand, this reflects that the nerves of the 
brachial plexus have been anesthetized. When 
this occurs and the paresthesias haven’t resolved 
within several minutes, the block is considered 
inconclusive and must be repeated on another 
day. Fortunately, with a little experience, this sel- 
dom occurs. 

Just prior to the PM muscle injection, the 
patient is asked to relate all symptoms of pain 
and paresthesias that are present, to serve as a 
baseline to evaluate the results of the block. 
Once a technically good block has been achieved, 
as evidenced by loss of tenderness to palpation 
over the area of the PM muscle, the patient is 
asked if symptoms that were present at rest have 
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subsequently diminished or disappeared and the 
physical examination is repeated. A good 
response to the PM muscle block is indicated by 
improvement in symptoms at rest, plus improve- 
ment on physical examination in responses to 
provocative maneuvers, sensation to very light 
touch, and the absence of residual tender 
points. 


Electrodiagnostic Testing 


Electrophysiological studies can also be helpful 
in confirming a diagnosis of PMS. A complete 
electromyography/nerve conduction velocity 
(EMG/NCV) test is of value to rule out other neu- 
rological conditions, but is usually normal in 
PMS. However, a recently-described variation of 
NCV testing was introduced, with measurement 
of the lowest branch of the brachial plexus, the 
medial antebrachial cutaneous (MAC) sensory 
nerve [11]. This has proven to be more sensitive 
than any other nerve measurement in patients 
with brachial plexus compression either above or 
below the clavicle. In a study of patients with uni- 
lateral NTOS undergoing surgical treatment, 40 
of 41 patients had at least one abnormality on 
MAC NCV testing [12]. This testing procedure 
has not yet been evaluated in patients with iso- 
lated PMS. 


Treatment 


Conservative 


PM muscle stretching is the main treatment for 
isolated PMS. This is performed by standing in a 


corner of a room or in an open doorway. With 
arms outstretched to support weight on either the 
two walls of a corner, or on the door jams of an 
open door, body weight is allowed to fall forward 
until the patient feels a stretch in the chest wall. 
The stretch is held for 15-20 s and then released. 
This procedure is repeated three to four times, 
resting 20-30 s between stretches, for three times 
a day. In general, patients who have been symp- 
tomatic for only a few months usually respond 
well to this approach within 1-2 months. 
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Associated Conditions 


In addition to PM muscle stretching, if a patient 
also has symptoms of NTOS localized to the 
supraclavicular scalene triangle, appropriate 
therapy for NTOS is added to the physical ther- 
apy stretching program. Evaluation for other 
associated or differential conditions should also 
be performed, and if found, such conditions 
should be more thoroughly assessed and treated. 
These conditions typically include cervical spine 
disease, shoulder pathology, and carpal, radial, 
pronator, and cubital tunnel syndromes. 


Surgery 


If symptoms do not improve with 2—3 months of 
conservative therapy, and if all other diagnoses 
have been treated as extensively as possible, pec- 
toralis minor tenotomy (PMT) is the treatment of 
choice. This is a minimal-risk surgical procedure 
that can be performed as an outpatient, either 
under local anesthesia with heavy sedation or 
under general anesthesia. Recovery time follow- 
ing PMT is often only a few days, although 
patients will typically continue to have soreness 
in the chest for a few weeks postoperatively. 





Technique of PMT 


The patient is positioned supine with the arm 
elevated to expose the axilla, and a towel is placed 
under the shoulder (Fig. 15.1). The position of 
the incision is important: it should be a 5—7 cm 
transverse incision beginning at the anterior axil- 
lary fold, and placed | cm above the bottom of 
the axillary hairline. In this way, by placing the 
incision in the anterior portion of the axilla, there 
is a better chance of avoiding injury to the second 
intercostal-brachial cutaneous nerve. If this nerve 
is seen it is gently retracted without significant 
stretching; if this is not possible, the nerve is 
divided to avoid hyperesthesia and pain in the 
underarm (it is considered better to leave an area 
of numbness under the arm from a divided nerve 
than to cause burning pain from an overstretched 
nerve). Other incisions that have been used for 
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Fig. 15.1 Technique of transaxillary pectoralis minor 
tenotomy and partial myomectomy. The patient is posi- 
tioned supine with a towel under operated shoulder. The 
arm is elevated with an orthopedic arm holder to expose 
the axilla. The transverse incision is 5—7 cm long, lying 
about | cm above the bottom of the hairline, and begin- 
ning at the anterior axillary fold. By placing the incision 
anteriorly, the chances of injuring the second intercostal- 
brachial cutaneous nerve are reduced, but not eliminated 
(Courtesy of Presbyterian-St. Lukes Hospital, Denver, 
Colorado by Wes Price) 


PMT include the delto-pectoral groove on the 
anterior chest wall or an infraclavicular incision, 
with either providing equivalent exposure to that 
obtainable through the axilla. 

Next, the subcutaneous tissue is divided and 
the pectoralis major muscle is exposed, and the 
coracoid process is identified by palpation and 
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the PM muscle is visualized inserting into the 
coracoid process (Fig. 15.2). After isolating the 
PM muscle, it is divided at the coracoid with a 
cautery or harmonic scalpel. In some patients the 
PM muscle is difficult to identify because it is 
fused to the pectoralis major muscle. In these 
situations, the coracoid process is visualized and 
the fibers inserting on it are separated at that 
level, and the avascular plane is opened between 
the PM and pectoralis major muscles. 

The divided end of the PM muscle is grasped 
with a clamp and elevated, and 2-3 cm of the 
muscle is excised to prevent the tendon from reat- 
taching to the underlying neurovascular bundle 
postoperatively (Fig. 15.3). It is important not to 
excise too much of the PM muscle, to avoid injur- 
ing the pectoral nerve which runs through the PM 
to innervate the pectoralis major. Before closing, 
any thickened bands of clavipectoral fascia over- 
lying the exposed axillary neurovascular bundle 
are also sharply divided (Fig. 15.4). The wound is 
closed without drainage using subcutaneous and 
subcuticular absorbable sutures. 

Postoperative physical therapy is not neces- 
sary after isolated PMT, and patients can return to 
sedentary activities in a few days. However, it is 
recommended that patients refrain from using the 
arm for activities above the level of the shoulder 
for 2—3 months postoperatively. This is to permit 
the divided end of the PM muscle to adhere to the 
chest wall. It has been observed that in patients 
who resume vigorous activities with the arm too 
soon, pain and tenderness often develop over the 
chest wall, which can last a few months. When 
this occurs, one approach to treatment is by 
injecting the end of the PM muscle with a steroid 
solution and putting the arm at rest for several 
weeks. Even though the arm is placed at rest with 
this treatment, it is important that the patient con- 
tinue to elevate the arm to 180° daily to avoid a 
frozen shoulder. 











Results of Treatment 


When PMS was the only diagnosis, 90 % of the 
patients had good improvement with surgical 
treatment (isolated PMT). However, when PMS 
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Fig. 15.2 Technique of transaxillary 
pectoralis minor tenotomy and partial 
myomectomy. After dividing the subcutane- 
ous tissues, the edge of the pectoralis major 
muscle is identified first. The coracoid 
process is palpated although hard to visualize. 
The muscle descending from the coracoid is 
the pectoralis minor (PM) muscle. The 
neurovascular bundle lies immediately under 
the PM muscle but is usually covered by fat 
and is not visible. The PM muscle is freed on 


it lateral and medial sides (Courtesy of Neurovascular 


Presbyterian-St. Lukes Hospital, Denver, 
Colorado by Wes Price) 


Fig. 15.3 Technique of transaxillary pectoralis 
minor tenotomy and partial myomectomy. The 
PM muscle is divided against the coracoid 
process with a harmonic scalpel or cautery. The 
end of the muscle is grasped with a long clamp, 
elevated, and 2—3 cm of muscle are excised to 
prevent postoperative attachment to the 
neurovascular bundle. Care is taken to look for 
and protect the pectoral nerve, which runs 
through the belly of the PM muscle to reach the 
pectoralis major. The nerve usually lies 3-5 cm 
from the coracoid process, so that limiting 
excision of the PM muscle to 2-3 cm is safe 
(Courtesy of Presbyterian-St. Lukes Hospital, 
Denver, Colorado by Wes Price) 


Fig. 15.4 Technique of transaxillary pectoralis 
minor tenotomy and partial myomectomy. The 
completed operation shows the divided end of the 
PM muscle and the neurovascular bundle. There 
may be tight bands of clavipectoral fascia 
covering the bundle, which should be divided to 
prevent them from later compressing the nerves 
of the plexus (Courtesy of Presbyterian-St. Lukes 
Hospital, Denver, Colorado by Wes Price) 
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Table 15.4 Results 
of treatment with isolated 
pectoralis minor 


Diagnosis 
tenotomy 8 


Isolated PMS 52 
PMS+NTOS 48 


# of operations 


Outcomes at 1-3 years 
follow up, # of patients (%) 


Excellent-good Fair Failure 
47 (90 %) 1(2%) 4 (8 %) 
17 (35 %) 9(19 %) 22 (46 %) 


Adapted from Sanders and Rao [1], p. 701-8. With permission from Elsevier 
PMS pectoralis minor syndrome, PMS + NTOS with symptoms of neurogenic TOS 
related to the scalene triangle 


was associated with NTOS localized to the sca- 
lene triangle, only 35 % of patients had good 
improvement following surgery that had targeted 
the PMS alone (Table 15.4). The reason for offer- 
ing isolated PMT to patients in both groups was 
that they had experienced very good improvement 
in symptoms following a selective PM muscle 
block. Indeed, the symptoms that continued were 
typically those of NTOS localized to the scalene 
triangle, and most of the patients who failed or had 
only fair improvement following isolated PMT 
went on to have more complete thoracic outlet 
decompression. 











Pectoralis Minor Syndrome 
in Recurrent Neurogenic TOS 


As noted in 2004, PMS can be the cause of recur- 
rent or persistent symptoms in patients operated 
upon for NTOS [9]. For this reason, every patient 
with symptoms of recurrent NTOS should be 
carefully evaluated for PMS. If PMS is present 
and if the patient responds favorably to a selective 
PM muscle block, isolated PMT is recommended. 
In our experience with 65 operations in this set- 
ting, isolated PMT gave good symptom improve- 
ment in 69 %, fair improvement in 8 %, and no 
improvement in 23 % [13]. 
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Abstract 

Upton and McComas formalized the hypothesis of the “double crush” 
syndrome (DCS) in 1973 (Upton and McComas Lancet 2:359-362, 1973) 
to describe the coexistence of multiple compressive lesions along the 
course of a peripheral nerve, postulating that entrapment of the peripheral 
nerve at one site renders the nerve susceptible to proximal and/or distal 
compression. By definition, augmented axonal injury occurs, representing 
more than just the combined independent effects of each lesion. This 
mechanism of neuronal injury is implicated in a variety of multi-focal neu- 
ropathies, including cervical radiculopathy and carpal tunnel syndrome 
(CTS), thoracic outlet syndrome and CTS, and cubital tunnel syndrome 
and Guyon’s canal syndrome. The DCS hypothesis, however, is not uni- 
versally accepted as an underlying mechanism of multi-focal neuropa- 
thies, and a critical review of this entity allows for a better understanding 


of the controversial theory. 
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Introduction 


Upton and McComas formalized the hypothesis 
of the “double crush” syndrome (DCS) in 1973 
[1] to describe the coexistence of multiple com- 
pressive lesions along the course of a peripheral 
nerve, postulating that entrapment of the periph- 
eral nerve at one site renders the nerve suscepti- 
ble to proximal and/or distal compression 
(Fig. 16.1). By definition, augmented axonal 
injury occurs, representing more than just the 
combined independent effects of each lesion. 
This mechanism of neuronal injury is implicated 
in a variety of multi-focal neuropathies, includ- 
ing cervical radiculopathy and carpal tunnel syn- 
drome (CTS), thoracic outlet syndrome and CTS, 
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Fig. 16.1 Upton and 

McComas’ diagram of the 
double-crush hypothesis. 
Anterograde axonal transport a 
is represented in various states, 
including: (a)normal, (b) 

severe distal injury causing 

axon death with degeneration, 

(c) mild proximal compression 
causing only impaired 

axoplasmic flow, (d) mild b 
distal lesion causing only 

limited impairment of 

axoplasmic flow, (e) combined 
mild proximal and distal 

lesions with aggregated 

axoplasmic flow impairment 
causing axon death and c 
degeneration (Adapted from 

Upton and McComas [1]. With 
permission from Elsevier) 






and cubital tunnel syndrome and Guyon’s canal 
syndrome. The DCS hypothesis, however, is not 
universally accepted as an underlying mechanism 
of multi-focal neuropathies. 


Etiology 


An entrapment neuropathy is defined as a pres- 
sure-induced injury to a segment of a peripheral 
nerve secondary to anatomic or pathologic struc- 
tures. Some patients have a predilection for 
entrapment neuropathies related to congenital 
narrowing of the nerve’s osseous tunnel or thick- 
ening of an overlying retinaculum. Inflammation 
or edema of adjacent structures, such as tendons, 
may reduce the size of the passageway for the 
nerve, and mechanical forces on the nerve can 
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result in nerve compression. DCS involves two or 
more sites of compression and/or entrapment that 
interfere with normal neuronal function. 

Animal studies have supported the concept 
that the loss of nerve function from two sites of 
compression is greater than the sum of the indi- 
vidual lesions [2]. 

Entrapment of a peripheral nerve can reduce 
its elasticity and ability to stretch through tether- 
ing and extra/intraneural fibrosis. This, in turn, 
predisposes the nerve to stretch injury, both prox- 
imally and distally [3]. Intrinsic neuropathy fur- 
ther renders the peripheral nerve susceptible to 
injury. Metabolic disorders such as diabetes mel- 
litus, myxedema, uremia and _ pyridoxine 
deficiency can render the nerve less resilient to 
compression. Diabetes mellitus (DM) is the most 
frequently encountered metabolic neuropathy, 
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and studies have shown an increased incidence of 
multiple nerve entrapments in patients with dia- 
betic polyneuropathy [4]. Baba et al. have 
reported a 16 % incidence of ulnar nerve entrap- 
ment and carpal tunnel syndrome in patients with 
DM [5]. In contrast, motor neuron disease, such 
as amyotrophic lateral sclerosis, does not appear 
to make a peripheral nerve more susceptible to 
entrapment [6]. Ischemia also plays a role in 
nerve impairment from compression. Venous 
flow can be hindered with pressure as low as 
20 mmHg, resulting in increased endoneural 
pressure and edema, which thereby restrict axonal 
flow [7]. 

Upton and McComas based their model of 
DCS on the dysfunction of axonal transport due 
to nerve compression or entrapment resulting in 
impaired distal “axoplasmic flow” and degenera- 
tion [1]. Anterograde flow of proteins and 
neurotransmitters from the cell body to the axon 
is imperative for proper nerve function. 
Compression along the course of a nerve can 
compromise this system. With 30 mmHg of pres- 
sure, axonal transport is impaired and at 
50 mmHg, complete axonal block is seen [8]. 
With impaired axonal anterograde flow, the dis- 
tal axon suffers and is likely more susceptible to 
injury. Retrograde flow within the axon is also 
important for proper nerve function, and it has 
also been suggested that impairment of retro- 
grade flow makes the proximal nerve more sus- 
ceptible to compression [9]. 

The mechanism of DCS relies on the presence 
of an anatomic continuity of nerve fibers between 
multiple lesion sites. However, sensory neurons 
are uniquely oriented such that their cell bodies 
lie in ganglia near the dorsal root in the spine. 
Anterograde axonal transport in sensory neurons 
occurs bidirectionally from the cell body into the 
peripheral nerve via postganglionic fibers, as well 
as into the nerve root via preganglionic fibers 
through separate microtubule systems. Given 
this, and other anatomic and pathophysiologic 
restrictions, Wilbourn and Géilliatt [10] and 
Morgan and Wilbourn [11] propose that the DCS 
hypothesis has limited application as a mecha- 
nism to explain multi-focal neuropathies, partic- 
ularly those involving cervical radiculopathies. 
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A more comprehensive model is offered by 
Novak and Mackinnon, which suggests that cer- 
tain postures or positions increase tension and 
pressure at sites where nerves are entrapped, 
causing vascular compromise and adaptive mus- 
cle shortening. These factors, in turn, result in 
neural edema, inflammation, fibrosis, decreased 
neural mobility and secondary compression [12]. 





Thoracic Outlet Syndrome 
and Double Crush Syndrome 


Neurogenic thoracic outlet syndrome (NTOS) 
refers to the syndrome caused by compression 
of the brachial plexus along its path from the 
neck into the axilla and is the most common 
cause of brachial plexopathy. Criteria for diag- 
nosis of NTOS are inconsistent and there are 
few objective criteria available to help. Patients 
with NTOS often present with vague or non- 
specific symptoms of the forearm and hand that 
may overlap with carpal tunnel syndrome or 
cubital tunnel syndrome [13]. Wood and Biondi 
have reported a 44 % incidence of double crush 
syndrome in patients with NTOS, with the sec- 
ondary site of compression being the carpal tun- 
nel [14]. Other sites of secondary compression 
include the ulnar nerve at the cubital tunnel, the 
median nerve at the pronator teres, and the radial 
nerve at the radial tunnel. Narakas et al. reported 
a 10 % incidence of cubital tunnel syndrome in 
patients with NTOS [15]. Others feel that the 
co-incidence of CTS and NTOS approaches 
zero [16]. 

Clinically, the identification of such coexist- 
ing conditions can be difficult. Provocative tests, 
such as Tinel’s sign, may be less reliable in DCS 
than in single entrapment neuropathies [17]. CTS 
may present with proximally referred symptoms 
that may be mistaken for a more proximal entrap- 
ment. Often, the presence of DCS is identified 
after the patient presents with persistent symp- 
toms following decompression at a particular 
entrapment site. For example, Putters et al. 
reported a case of bilateral radial tunnel syn- 
drome following surgery for bilateral thoracic 
outlet syndrome [18]. 
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For the surgical treatment of NTOS and DCS, 
Yao and Osterman advocate treating the (almost 
always simpler) distal site of entrapment first, 
since this may allow the patient to improve to a 
point that he or she may not need the proximal 
decompression at the thoracic outlet [3]. Not sur- 
prisingly, Lascar et al. demonstrated worse out- 
comes following cubital tunnel surgery in patients 
with NTOS, as compared to patients with isolated 
cubital tunnel syndrome [19]. Similarly, Osterman 
demonstrated higher failure rates in carpal tunnel 
decompression in patients with DCS, as well as 
poorer post-operative functioning and return to 
work rates [20]. 





Conclusion 

The “double crush” hypothesis is popular 
amongst clinicians due to the prevalence of 
multi-focal neuropathies, including NTOS and 
distal entrapment syndromes. However, the 
original hypothesis remains controversial; alter- 
native models that incorporate the vascular 
compromise and associated adaptive muscular 
changes may offer a more comprehensive 
mechanism. While the diagnosis of NTOS alone 
is difficult to make, objectively identifying a 
coexistent distal entrapment further complicates 
matters. This potential diagnosis must be kept 
in mind, and thorough evaluation for “double 
crush” may be necessary since DCS may be 
implicated when one experiences less than sat- 
isfactory results following the surgical treatment 
of carpal tunnel or cubital tunnel syndrome. 
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Ergonomic and Postural Issues 


in NTOS 


Marc A. Weinberg 


Abstract 


17 


Ergonomics is the science of matching living conditions and job demands 
to the human body to optimize both health and productivity. Improper 
ergonomics can increase musculoskeletal disorders accounting for a large 
number of disabilities and loss of work days. The use of computers and 
related technologies by both adults and children can result in an adaptive 
change in posture. These abnormal postures and work-related factors may 
also pose a risk for the development of Neurogenic Thoracic Outlet 
Syndrome (NTOS). Good clinical outcomes can occur by combining work 
style behavior and ergonomic intervention with more traditional 


therapies. 


Epidemiology of Ergonomic 
Abnormalities 


Ergonomics, the science of matching living con- 
ditions and job demands to the human body, has 
two major goals: optimizing both health and pro- 
ductivity [1, 2]. Whether engaged in work, home 
or recreationally related activities, proper ergo- 
nomic design is necessary to help correct postural 
anomalies and to prevent injuries. These disor- 
ders are time dependent and may develop into 
long-term disabilities [2]. Improper ergonomics 
can increase work-related musculoskeletal disor- 
ders, and account for a large number of disabili- 
ties and loss of work days. It is one of the most 
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expensive health problems in modern industrial 
societies, as 34 % of all injuries and illnesses 
resulting in absences from work in the United 
States in 2002 were related to musculoskeletal 
disorders [3]. 

It has been found that abnormal postures and 
work-related factors may pose a risk for the 
development of Neurogenic Thoracic Outlet 
Syndrome (NTOS) [4-7]. Specifically, a connec- 
tion has been made between the stress of repeti- 
tive work and NTOS. Abnormal posture plays a 
major role in the cascade of physical events that 
are a prelude to certain upper extremity disorders 
[7] (see Table 17.1). 

It is apparent that computers and related tech- 
nologies are resulting in an adaptive change in 
our posture. The daily use of computers in the 
home and workplace has added to these ergo- 
nomic problems [8]. From an evolutionary stand- 
point, the adaptations to our working postures 
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Table 17.1 The cascade of physical changes that can occur due to faulty posture and repetitive use syndrome 


Postural misalignment and derangement including loss of the normal cervical lordotic curve, rigidity of the thoracic 


spine, protracted shoulders and head thrust forward position 


Shortened scalene and pectoralis minor muscles 


Space between the clavicles and the first rib becomes restricted 


First ribs lift and diminish the costoclavicular space 
Traction and scarring of the nerve bundles 


Improper gliding of nerves through narrow canals or tendinous arches, compression from adjacent muscles, edema, 
synovial thickening, tendinitis, and angioedema secondary to chemical factors such as histamine release 


Nerve entrapment and lack of nerve gliding in the neck 


Development of secondary conditions such as thoracic outlet syndrome, medial or lateral epicondylitis, cubital 
tunnel syndrome, radial tunnel syndrome, carpal tunnel syndrome and deQuervain’s tenosynovitis 


Loss of peripheral pulses 
Dual site ulnar nerve injury (“double crush syndrome”) 


Friction, compression and inflamation of nerves causing impaired nerve stimului 


Impairment along the whole length of the nerve from possible longitudinal force on the nerve 


Mechanical traction and mechanical damage of the nerves 


Sympathetic nervous system overactivity 
Diminished hand temperature 
Complex regional pain syndrome (CRPS) 


Shortening of forearm musculature causing impaired muscle regeneration 


Myofascial pain syndrome 


Adapted from Pascarelli and Hsu [7]. With permission from Springer Science + Business Media 





afi hte 


Fig. 17.1 A comical depiction of the “devolution” of the human posture 


are being forced to occur over a relatively short 
period of time instead of the usual course of 
many thousands of years [9]. We live in a world 
of constantly advancing technology that may be 
causing a “devolution of human postural align- 
ments” [10] (See Fig. 17.1). Our society is work- 
ing harder, longer and in amounts that defies 
historical precedent and common sense. These 
physical and emotional demands are creating an 


epidemic of faulty ergonomic postural injuries 
(7, 11-13]. 


Ergonomic Effects on Children 
Although there has been a surge of attention on 


ergonomics in the workplace, it is imperative that 
ergonomic discussion becomes commonplace in 


17 Ergonomic and Postural Issues in NTOS 





the home and, more importantly, with our chil- 
dren. The most important time of spinal and pos- 
tural development is childhood and adolescence 
[14]. Children are switching from dynamic child- 
hood activities, such as running, playing outside 
and participating in sports, to the more static 
activities of playing video games and “text chat- 
ting” [15-17]. This has become so prevalent that 
we now have common clinical complaints named 
for the actions that are causing the problems: Text 
Message Injuries (TMI’s), “gamers’ thumb” and 
“stylus finger” which are caused by repetitive use 
of mobile and gaming devices [17]. 

It has been found that postural defects from 
playing video games are many, but have 
specifically included protruding — scapulae, 
increased lumbar lordosis and thoracic kyphosis. 
Children are spending only 4 h/week performing 
sports activities compared to 14 h/week watching 
TV and playing computer games. Children who 
did not participate in sports activities had a 
significantly higher probability of poor posture 
[15, 18]. 

An additional effect on posture in children 
and teens is the increase in educational demands 
placed on students today [19]. It has been shown 
that there is a correlation between the incidence 
of thoracic and low back pain in school children 
and adolescents and the use of heavy backpacks 
[20]. Forward head posture and subsequent TOS 
can also increase with the use of backpacks in 
school [21]. It has been suggested that a back- 
pack weighing 15 % or more of body weight can 
have an adverse effect on cervical and shoulder 
posture in children in their early teens [21]. 





Pathophysiology of Abnormal 
Ergonomics 


Faulty ergonomic postures have major influences 
on our bodies including increasing pressure on 
nerves in areas that are prone to entrapment, 
adaptive muscle shortening which subsequently 
compresses nerves, and hypertrophy of over-used 
muscles creating muscular imbalance [22]. 
Patients with a hyper-kyphotic thoracic curve 
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cause their neck to be in a forward posture posi- 
tion and that leads to a cascade of muscular 
changes, particularly protracted scapulae, ante- 
rior rotated shoulders and decreased clavicular 
mobility [23, 24]. These postures will all contrib- 
ute to the development of NTOS by narrowing 
the spaces through which the neurovascular struc- 
tures pass [24]. 

Additionally, altered posture will change 
breathing patterns over time. The resulting shal- 
low breathing pattern results in hypertrophic 
development of the scalene muscles. This narrows 
the costoclavicular space as the muscles attempt 
to repetitively elevate the upper ribs during breath- 
ing [24]. A forward head posture may result in the 
loss of up to 30 % of vital lung capacity by block- 
ing of the action of the scalene muscles as they 
elevate the first rib during inhalation [25]. 





Treatment Options 


Clinical outcomes improve when work style 
behavior and ergonomic intervention are com- 
bined with more traditional therapies [26, 27]. 
Even with chronic cases, upper extremity symp- 
tomatology can be alleviated when therapy is 
combined with behavioral modification at home, 
work, school and sleep [22]. 

The first step for conservative management 
of NTOS is to physically assess the areas where 
the activities are being performed. This involves 
evaluating the workplace or home to ensure that 
there is proper body alignment and posture. 
Exercises, which may be taught by a Chiropractic 
Physician, Physical or Occupational Therapist 
who understand the biomechanics of TOS, can 
help strengthen muscles that improve posture 
and increase overall conditioning. This treatment 
assists in maintaining proper muscular balance 
and will help correct sitting and standing pos- 
tures thereby decreasing pressure on the nerves 
and blood vessels [28, 29]. Simple modifications 
such as reducing mouse use, lowering the height 
of the keyboard, decreasing the number of hours 
at the keyboard, resting the arms on the desk 
surface, and providing a large forearm support 
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Table 17.2 Proper ergonomic sitting postures 


Working postures 
1. Head and neck are upright with trunk facing forward 


M.A. Weinberg 


2. Trunk is perpendicular to the floor with shoulders and upper arms in-line with the torso 


3. Elbows are close to the body 
4. Forearms, wrists, and hands are straight and in-line 


5. Feet rest flat on the floor with thighs parallel to the floor and the lower legs perpendicular to floor 


Seating 


6. Use a backrest which provides support for the lower back 


7. Ensure that there is a properly fitted seat 


8. Armrests, if used, support both forearms while performing computer tasks and they do not interfere with 


movement 
Keyboard/input device 


9. Keyboard/input device platform(s) is stable and large enough to hold a keyboard and an input device (mouse or 


trackball) is located right next to the keyboard 
10. Wrists and hands do not rest on sharp or hard edges 
Monitor 


11. Monitor screen is directly in front and is at or below eye level 


12. Monitor distance allows reading of the screen without leaning of head, neck or trunk forward/backward 


Work area 


13. Thighs have sufficient clearance space between the top of the thighs and the computer table/keyboard platform 


14. Legs and feet have sufficient clearance space under the work surface 


Accessories 


15. Document holder, if provided, is stable and large enough to hold documents and is the same height and distance 


as the monitor screen 


16. Wrist/palm rest, if provided, is padded and free of sharp or square edges that push on the wrists and keeps 


forearms, wrists, and hands straight and in-line 


17. Telephone can be used with head upright and shoulders relaxed 


Reprinted from Department of Labor, Occupational Safety and Health Administration Website. OSHA Ergonomic 
Solutions: Computer Workstations eTool — Evaluation Checklist. http://www.osha.gov/SLTC/etools/computerworksta- 


tions/checklist.html. Accessed 5 May 2011 


have all shown beneficial results [8, 13, 30, 31]. 
Encouraging specific seated postures may also 
reduce the risk of musculoskeletal symptoms and 
disorders [30, 31] (see Table 17.2 and Fig. 17.2). 


Summary 
The increasing incidence of TOS due to time spent 


on computers, video games, and mobile devices 
will be an important facet of future ergonomic 


studies. One of the most important aspects of con- 
servative and ergonomic management of NTOS 
caused by postural involvement is early awareness 
and detection of the postural changes developing 
within the body, allowing intervention before the 
onset of significant symptomatology [32]. Being 
such a symptom-based society, early prevention 
and correction of abnormal postural development 
can only occur by increasing education and aware- 
ness of proper ergonomic postures and activities 
in the workplace, schools and in the home. 














. What is ergonomics. International ergonomics. http:// 
www.iea.cc/01_what/What%20is%20Ergonomics. 
html. Accessed 6 May 2011. 

. Ergonomics. Lawrence Berkely National Laboratory. 
http://www. lbl.gov/ehs/ergo/index.shtml. Accessed 6 
May 2011. 

. Wang PC, Rempel DM, Hurwitz EL, Harrison RJ, 
Janowitz I, Ritz BR. Self-reported pain and physical 
signs for musculoskeletal disorders in the upper body 
region among Los Angeles garment workers. Work. 
2009;34(1):79-87. 

. Bernard BP, ed. Musculoskeletal disorders and work- 
place factors — a critical review of epidemiologic evi- 
dence for work-related musculoskeletal disorders of the 
neck, upper extremity, and low back. NIOSH; 1997. 
p. 3-25 (Publication no. 97-141). 

. Medical Treatment Guidelines. Washington State 
Department of Labor and Industries (effective 1 Oct 2010). 
http://www.I|ni.wa.gov/ClaimsIns/Files/OMD/MedTreat/ 
ThoracicOutletNeurogenic.pdf. Accessed 6 May 2011. 

. Department of Labor, Occupational Safety and Health 
Administration. 29 CFR Part 1910, Ergonomics Program; 
Proposed Rule. Federal register/vol. 64, no. 225/Tuesday, 
November 14, 2000/Proposed Rules; 68432. 





10. 


11. 


13. 


17 Ergonomic and Postural Issues in NTOS 109 
Fig. 17.2 Proper ergonomic 
position and support: Viewing distance 
[Reprinted from Department ~# MM emer 
of Labor, Occupational = or 
Safety and Health 
El | 
Administration. http://www. pwede 
osha.gov/Publications/ holder Wrist rest 
videoDisplay/videoDisplay. Back rest 
html. Working Safely with = = | Tle NAA Lumbar 
Video Display Terminals. (lower 
OSHA 3092, 1997 back) 
(Revised)] 
Seat back i as CLAS 
angle _ 
7. Pascarelli EF, Hsu YP. Understanding work-related 
References 


upper extremity disorders: clinical findings in 485 
computer users, musicians, and others. J Occup 
Rehabil. 2001;11(1):1-21. 


. Tornqvist EW, Hagberg M, Hagman M, Risberg EH, 


Toomingas A. The influence of working conditions and 
individual factors on the incidence of neck and upper 
limb symptoms among professional computer users. Int 
Arch Occup Environ Health. 2009;82(6):689-702. 


. Frequently asked questions about evolution. Public 


Broadcasting Station web site. http://www.pbs.org/ 
webh/evolution/library/faq/cat06.html. Accessed 6 
May 2011. 

Mercer L. Posture therapy. Livestrong. http://www. 
livestrong.com/article/183967-posture-therapy/. 
Accessed 6 May 2011. 

The Real Reasons You’re Working So Hard ... and 
what you can do about it. Bloomberg Businessweek. 
http://www. businessweek.com/magazine/ 
content/05_40/b3953601.htm. Published 3 Oct 2005. 
Accessed 6 May 2011. 


. Gerr F, Marcus M, Ensor C, et al. A prospective study 


of computer users: I. Study design and incidence of 
musculoskeletal symptoms and disorders. Am J Ind 
Med. 2002;41(4):221-35. 

Gerr F, Marcus M, Monteilh C. Epidemiology of 
musculoskeletal disorders among computer users: 


110 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22: 


lesson learned from the role of posture and keyboard 
use. J Electromyogr Kinesiol. 2004; 14(1):25-31. 
Lafond D, Descarreaux M, Normand MC, Harrison 
DE. Postural development in school children: a 
cross-sectional study. Chiropr Osteopat. 2007;15:1. 
Kratenova J, Zejglicova K, Maly M, Filipova V. 
Prevalence and risk factors of poor posture in school 
children in the Czech Republic. J Sch Health. 
2007;77(3):13 1-7. 

Too much texting can be a pain in the neck, Researchers 
begin to study the physiological effects of text messaging 
on college students. Temple University web site. http:// 
news.temple.edu/news/too-much-texting-can-be-pain- 
neck. 19 Nov 2009. Accessed 6 May 2011. 

Blackberry use can damage thumb. BBC NEWS. 
http://news.bbc.co.uk/go/pr/fr/-/2/hi/health/4222365. 
stm. 31 Jan 2005. Accessed 6 May 2011. 

Salminen JJ, Oksanen A, Maki P, Pentti J, Kujala UM. 
Leisure time physical activity in the young. Correlation 
with low-back pain, spinal mobility and trunk muscle 
strength in 15-year-old school children. Int J Sports 
Med. 1993;14(7):406-10. 

‘Race to Nowhere’: are students working harder 
and hurting themselves in the process? Local parents 
and experts weigh in. The Daily Herald web site. 
http://www.dailyherald.com/article/20110301/news/ 
703019902. Updated 3 Mar 2011. Accessed 6 May 
2011. 

Korovessis P, Koureas G, Papazisis Z. Correlation 
between backpack weight and way of carrying, sagit- 
tal and frontal spinal curvatures, athletic activity, and 
dorsal and low back pain in schoolchildren and ado- 
lescents. J Spinal Disord Tech. 2004; 17(1):33-40. 
Chansirinukor W, Wilson D, Grimmer K, Dansie B. Effects 
of backpacks on students: measurement of cervical and 
shoulder posture. Aust J Physiother. 2001;47(2):110-6. 
Novak CB, Mackinnon SE. Repetitive use and static 
postures: a source of nerve compression and pain. 
J Hand Ther. 1997;10(2):151-9. 


23: 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


M.A. Weinberg 


Warren H. Forward head/forward shoulders. Dynamic 
Chiropractic web site. http://www.dynamicchiropractic. 
com/mpacms/dc/article.php?id=36230 (1999). Accessed 
Feb 2013. 

Kisner C, Allen Colby L. Therapeutic exercise: 
foundations and techniques. Sth ed. Columbus: The Ohio 
State University School of Allied Medical Professionals; 
2007. p. 359-61. 

Cailliet R, Gross L. Rejuvenation strategy. New York: 
Doubleday & Co; 1987. 

Meijer EM, Sluiter JK, Frings-Dresen MH. Is work- 
style a mediating factor for pain in the upper extrem- 
ity over time? J Occup Rehabil. 2008; 18(3):262-6. 
Fabrizio P. Ergonomic intervention in the treatment of 
a patient with upper extremity and neck pain. Phys 
Ther. 2009;89(4):35 1-60. 

Nicholas RA, Feuerstein M, Suchday S. Workstyle 
and upper-extremity symptoms: a biobehavioral per- 
spective. J Occup Environ Med. 2004;47(4):352-61. 
Devereux J, Vlachonikolis I, Buckle P. Epidemiological 
study to investigate potential interaction between 
physical and psychosocial factors at work that may 
increase the risk of symptoms of musculoskeletal dis- 
order of the neck and upper limb. Occup Environ 
Med. 2002;59(4):269-77. 

Marcus M, Gerr F, Monteilh C, et al. A prospective 
study of computer users: II. Postural risk factors for 
musculoskeletal symptoms and disorders. Am J Ind 
Med. 2002;41(4):236-49. 

Rempel DM, Krause N, Goldberg R, Benner D, 
Hudes M, Goldner GU. A randomised controlled trial 
evaluating the effects of two workstation interventions 
on upper body pain and incident musculoskeletal dis- 
orders among computer operators. Occup Environ 
Med. 2006;63(5):300-6. 

Beer S, Schlegel C, Hasegawa A. Conservative therapy 
in thoracic outlet syndrome. Literature review and 
pathogenetic considerations. Schweiz Med Wochenschr. 
1997;127(15):617-22. 


Radiographic Imaging in Diagnosis 
and Assessment of NTOS 


18 


Scott Werden 


Abstract 

The clinical diagnosis of NTOS remains controversial and challenging. 
Fortunately, modern medical imaging, particularly MRI, provides excel- 
lent evaluation of the brachial plexus, the surrounding soft tissues and 
bones, and the dynamic changes that occur in the thoracic outlet on move- 
ment of the upper extremity. This chapter details the imaging anatomy of 
the thoracic outlet, including the component anatomic tunnels that com- 
prise the thoracic outlet, the brachial plexus, and the dynamic changes of 
the thoracic outlet seen on movement of the upper extremity. Imaging 
findings of NTOS, as defined by pathologic entrapment of the brachial 
plexus, are demonstrated and defined, including soft tissue anomalies, 
bony anomalies, and pathologic dynamic changes that cause narrowing of 
the anatomic tunnels of the thoracic outlet and resultant entrapment of the 
brachial plexus. A simple and straightforward algorithm for reviewing an 
imaging study of a patient with TOS is provided. The reader will under- 
stand the important anatomic landmarks and tunnels of the thoracic outlet, 
the soft tissue or bony anomalies and pathologic changes that occur in the 
thoracic outlet, and the difference between normal and abnormal changes 
that occur on movement of the upper extremity, along with the resulting 
entrapment of the brachial plexus. 


Introduction 


Neurogenic thoracic outlet syndrome (NTOS) is 
by far the most frequent type of TOS, making up 
95-98 % of cases of thoracic outlet syndrome 
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[1-5]. NTOS has been and remains a considerable 
source of discussion and debate to the present 
day [6-9], and is frequently difficult to diagnose 
and treat. Provocative clinical tests for NTOS 
demonstrate limited accuracy and _ specificity 
[10-14]. Most of these tests depend upon 
evidence of arterial compression, which is a poor 
proxy for compression of the brachial plexus, 
given the complex anatomy and dynamic changes 
of the thoracic outlet [15]. Fortunately, current 
medical imaging has emerged as a valuable tool 
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Fig. 18.1 Normal scalene 
triangle, axial plane: The 
anterior (A) and middle 

(M) scalene muscles form the 
anterior and posterior 
borders of the scalene 
triangle. The brachial plexus 
roots and trunks (arrow- 
heads) are surrounded by 
ample white fat within the 
scalene triangle. The 
posterior aspect of each first 
rib is seen (R) (Courtesy of 
Scott Werden, MD) 


in understanding the anatomy and pathology 
underlying this syndrome. Imaging findings are 
most accurate and valuable when combined with 
an appropriate history and clinical examination, 
and should always be evaluated in conjunction 
with these clinical findings. 


Imaging Anatomy 


The thoracic outlet is the anatomic space at the 
junction of the neck, superior mediastinum, ipsi- 
lateral hemithorax, and ipsilateral upper extrem- 
ity. Within the thoracic outlet, the great vessels 
and brachial plexus pass through a series of par- 
allel and contiguous tunnels to converge in the 
upper extremity [12, 16, 17]. These tunnels have 
been classically defined as the scalene (or inter- 
scalene) triangle, the costoclavicular interval, the 
retropectoralis space and the prescalene space. 
NTOS results from impingement on the brachial 
plexus. The simplest way to evaluate a cross-sec- 
tional imaging study for the presence of NTOS is 
to follow the course of the brachial plexus from 
its constituent nerve roots through its terminal 
branches. This process will outline the borders of 
each anatomic tunnel, demonstrate those key 
structures that may cause impingement on the 
brachial plexus, and clarify the dynamic changes 
that occur on movement of the upper extremity. 
For this purpose, MRI will be used for all 
illustrations. 
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The anatomy of the thoracic outlet and the 
brachial plexus has been extensively studied by 
CT [15, 18-20], ultrasound [21, 22], and MRI 
[23-28]. As the nerve roots exit their respective 
neural foramina, they enter the scalene triangle 
(Figs. 18.1 and 18.2). The scalene triangle is 
bounded anteriorly by the anterior scalene mus- 
cle, posteriorly by the middle scalene muscle, 
and inferiorly by the first rib. The insertions of 
the anterior and middle scalene muscles on the 
first rib and the resultant gap between them is 
widely variable [14, 29-31]. 

The brachial plexus exits the scalene triangle 
and enters the costoclavicular interval 
(Fig. 18.3). The costoclavicular interval is 
bounded superiorly by the clavicle and sub- 
clavius muscle, and inferiorly by the first rib and 
serratus anterior muscle. The brachial plexus 
exits the costoclavicular interval and enters the 
retropectoralis space (Fig. 18.4). The retropec- 
toralis space is obliquely oriented. Its anterior 
border is the pectoralis minor muscle, which 
originates from the third through fifth ribs medi- 
ally and inferiorly, and inserts laterally and 
superiorly on the coracoid process. The cora- 
coid process forms the superior border. Inferiorly 
and medially, the chest wall forms the posterior 
border of this space, while superiorly and later- 
ally, the subscapularis muscle forms the poste- 
rior border. The brachial plexus passes through 
the superior half of the retropectoralis space to 
enter the axilla. 


18 Radiographic Imaging in Diagnosis and Assessment of NTOS 





Fig. 18.2 Normal scalene 
triangle, sagittal plane: The 
anterior (AS) and middle 
(MS) scalene muscles and 
the first rib (R) form the 
borders of the scalene 
triangle (Line 2). The 
subclavian artery (A) and 
brachial plexus roots 
(arrowheads) are surrounded 
by ample white fat within the 
scalene triangle. The clavicle 
(C) and anterior scalene 
muscle form the borders of 
the prescalene space (Line 
1), which transmits the 
subclavian vein (V) 
(Courtesy of Scott Werden, 
MD) 


Fig. 18.3 Normal costo- 
clavicular interval, sagittal 
plane: The clavicle (C) and 
subclavius muscle ($) form 
the superior border of the 
costoclavicular interval, 
while the first rib (R) and 
serratus anterior muscle (SA) 
form the inferior border. The 
divisions of the brachial 
plexus (arrowhead), 
subclavian artery (A) and 
subclavian vein (V) are 
surrounded by ample white 
fat (Courtesy of Scott 
Werden, MD) 
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Fig. 18.4 Normal 
retropectoralis space, sagittal 
plane: The pectoralis minor 
muscle (PM) forms the 
anterior border, the 
subscapularis muscle (SS) 
forms the posterior border, 
and the coracoid process 
(CP) forms the superior 
border. Note that the origin 
of the pectoralis minor 
muscle is medial and inferior 
to this section. The lateral 
cord (LC), posterior cord 
(PC), and medial cord (MC) 
of the brachial plexus, the 
axillary artery (A) and the 
axillary vein (V) pass 
through the superior half of 
this space, and are sur- 
rounded by ample white fat 
(Courtesy of Scott Werden, 
MD) 


The prescalene space is bounded anteriorly by 
the clavicle and tendon of the subclavius muscle, 
and posteriorly by the insertion of the anterior 
scalene muscle (Fig. 18.2). The prescalene space 
parallels the scalene triangle, and transmits the 
subclavian vein, which then enters the costo- 
clavicular interval. 

The composition and branching pattern of the 
brachial plexus is quite complex, but for imaging 
purposes it can be broken down into the follow- 
ing key components. The ventral rami of spinal 
nerve roots C5 through T1 exit their respective 
neural foramina, and form the superior, middle 
and inferior trunks within the scalene triangle. 
Each trunk divides into anterior and posterior 
divisions near the lateral margin of the first rib. 
These divisions form the lateral, posterior and 
medial cords in the retropectoralis space. The 
cords give rise to the terminal branches lateral to 
the coracoid process, in the axilla (Figs. 18.1—18.4) 
[32,33]. 


Dynamic Changes 
The shoulder joint has the greatest range of 


motion of any joint in the body, involving com- 
plex movement of the scapula, clavicle, and first 
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rib. Additionally, there is ventilatory motion of 

the first rib. While discussion of the motion of 

these structures is beyond the scope of this chap- 
ter, a few key points are worth noting regarding 
normal dynamic changes of the thoracic outlet: 

1. In the scalene triangle, the angle between the 
first rib and the horizontal plane constitutes 
the predominant dynamic element (Fig. 18.5). 

2. In the costoclavicular interval, the first rib acts 
as a relatively fixed ‘hard floor’, while motion 
of the clavicle constitutes the predominant 
dynamic element (Fig. 18.6). 

3. In the retropectoralis space, there is complex 
motion of the pectoralis minor and the scap- 
ula, including the coracoid process and sub- 
scapularis muscle, relative to the chest wall 
(Fig. 18.7). 

4. In the prescalene space, the anterior scalene 
muscle is relatively fixed, while motion of the 
clavicle constitutes the predominant dynamic 
element (Fig. 18.5). 


Anatomic Variants and Pathology 
Pathologic abnormalities of the thoracic outlet 


may be categorized as static or dynamic. Static 
abnormalities create impingement on the brachial 
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Fig. 18.5 Normal scalene 
triangle, sagittal plane, with 
hyperabduction-external 
rotation: The first rib (R) 
angle relative to the 
horizontal plane decreases 
slightly on abduction, but the 
scalene triangle dimensions 
do not significantly change, 
and there is no effacement of 
fat surrounding the brachial 
plexus and subclavian artery 
(A) in the scalene triangle 
(solid line) (Courtesy of 
Scott Werden, MD) 


Fig. 18.6 Normal costo- 
clavicular interval, sagittal 
plane, with hyperabduction- 
external rotation: The first rib 
(R) angle relative to the 
horizontal plane decreases 
slightly on abduction, but the 
clavicle (C) moves consider- 
ably in a posterior direction, 
decreasing the dimensions of 
the costoclavicular interval. 
Note that despite this 
maneuver, there is no 
effacement of fat around the 
brachial plexus (arrow- 
heads), subclavian artery (A), Neutral 
and subclavian vein (V), and 
there is no change in the 
shape or caliber of the 
arterial or venous flow voids 
(Courtesy of Scott Werden, 
MD) 
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Fig. 18.7 Normal retropec- 
toralis space, sagittal plane, 
with hyperabduction-external 
rotation: The pectoralis 
minor muscle (PM) moves 
posteriorly, but the scapula, 
coracoid process (CP) and 
subscapularis muscle (SS) 
move as well, with minor 
narrowing of this space. Note 
there is no effacement of fat 
around the lateral cord (LC), 
posterior cord (PC), and 
medial cord (MC) of the 
brachial plexus, the axillary 
artery (A) or the axillary vein 
(V). Note that the neurovas- 
cular bundle moves cephalad, 
closer to the coracoid 
process, but without loss of 
the fat plane inferior to the 
coracoid process (Courtesy 
of Scott Werden, MD) 


Neutral 


plexus independent of dynamic changes of the 
upper extremity. Dynamic abnormalities create 
impingement on the brachial plexus via move- 
ment of the upper extremity. Static and dynamic 
abnormalities may combine to create impinge- 
ment on the brachial plexus when neither abnor- 
mality is sufficient to cause impingement on its 
own, or may compound impingement when each 
abnormality is independently causing impinge- 
ment. The following description of pathologic 
entities should be considered a ‘checklist’ of pos- 
sible causes of NTOS as one follows the course 
of the brachial plexus from central to peripheral. 


Static Pathology 


Bony Abnormalities 

Bony abnormalities were the first anatomic 
abnormalities noted in patients with TOS, as 
early as 1821 [34]. The first successful surgery 
for thoracic outlet syndrome — successfully 
removed an elongated C7 transverse process in 
1861 [35]. The association of TOS with bony 
elements was reinforced with the development of 
radiography in the late nineteenth century. Several 
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bony abnormalities have been shown to cause 
TOS: 

1. Cervical rib [35-37] 

2. Anomalous first rib, including first rib exosto- 

sis or pseudarthrosis [38-41] 

3. Elongated C7 transverse process (due to asso- 

ciated fibrous bands) [42-44] 

4. First rib fracture or hypertrophic callous [39, 

41, 45, 46] 

5. First rib neoplasm [47-49] 
6. Anomalous clavicle [50-52] 
7. Clavicular fracture [19, 41, 53, 54] or disloca- 

tion [55] 

8. Clavicular neoplasm, hematoma, osteomyeli- 

tis or other pathology [41, 56] 

Although neurogenic TOS is far more fre- 
quent than arterial TOS, patients with arterial 
TOS are much more likely to have bony abnor- 
malities than are patients with neurogenic TOS. 
Bony abnormalities are particularly likely in the 
presence of post-stenotic dilation or an arterial 
aneurysm [41, 57]. 


Fibromuscular Abnormalities 
Early TOS cases associated with bony abnormal- 
ities were of the arterial type. In the early 1900s, 
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Fig. 18.8 NTOS patient, 
scalene triangle, sagittal 
plane: The anterior scalene 
muscle (AS) and middle 
scalene muscle (MS) have 
markedly broadened 
insertions on the first rib (R), 
causing marked narrowing of 
the scalene triangle (/ine) and 
near-complete effacement of 
fat around the brachial plexus 
roots and subclavian artery 
(A). Compare to normal 
scalene triangle (Fig. 18.2) 
(Courtesy of Scott Werden, 
MD) 
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NTOS was described, first in the presence of 
bony abnormalities, and then in the absence of 
bony abnormalities [58-61]. Fibromuscular 
abnormalities of the thoracic outlet were described 
and proposed as the causative element for this 
syndrome. These fibromuscular abnormalities 
may be developmental or acquired. 

Developmental anomalies of the scalene mus- 
cles, supernumerary muscles, and anomalous 
fibrous bands occur frequently in the thoracic 
outlet. Riolan first described the scalene mini- 
mus muscle in the early seventeenth century. 
Other anomalies have been described in detail 
since at least 1911 [14, 58]. The anterior scalene 
muscle was first implicated in NTOS in the 
1920s, including the “Scalenus anticus syn- 
drome” [37, 62, 63]. Roos further defined 13 
types of fibromuscular abnormalities found at 
surgery [44, 64, 65]. The presence of an anatomic 
anomaly has been associated with better surgical 
outcome [66]. 

Acquired abnormalities include overuse and 
repetitive stress syndromes, trauma, and surgery. 
Neoplasms of the lung apex and supraclavicular 





DFOV: 20.0 x 20.0em 


fossa may occupy space or directly involve the 
brachial plexus. 

A simplified approach to these complex 
anomalies is suggested, categorized by defined 
space: 

1. Scalene triangle 
(a) Developmental anomalies 

(i) Abnormal scalene origins 

Gi) Abnormal scalene insertions (Figs. 18.8 
and 18.9) 
Abnormal connections between ante- 
rior and middle scalene muscles 
Supernumerary muscles, including 
scalene minimus (Fig. 18.10) [14, 
29-31, 36, 58, 67-71], accessory 
middle scalene muscle [72], anoma- 


(iii) 
(iv) 


lous trapezius muscle [73], and oth- 
ers [74-77] 

(v) Fibrous bands, including those aris- 
ing from cervical ribs or C7 trans- 
verse processes and those inserting 
on the endothoracic fascia overlying 
the parietal pleura at the lung apex 
(Fig. 18.9) [44, 67, 68] 
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Fig. 18.9 NTOS patient, 
scalene triangle, sagittal 
plane: The anterior scalene 
muscle (AS) has a second, 
anomalous insertion 
(arrowhead 1) on the first rib 
(R), posterior to the 
subclavian artery (A). A 
small fibrous band (arrow- 
head 2) passes between the 
roots of the brachial plexus to 
insert on the first rib adjacent 
to this anomalous insertion. 
The scalene triangle is 
markedly narrowed. Compare 
to normal scalene triangle 
(Fig. 18.2) (Courtesy of Scott 
Werden, MD) 


Fig. 18.10 NTOS patient, 
costoclavicular interval, 
sagittal plane: A scalene 
minimus muscle (arrow) is 
present, causing narrowing 
of the scalene triangle and 
effacement of fat around the 
C7 and C8 nerve roots 
(arrowheads). Anterior 
scalene muscle (AS), middle 
scalene muscle (MS), 
subclavian artery (A) and 
vein (V), and first rib (R) 
noted (Courtesy of Scott 
Werden, MD) 
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(b) Acquired abnormalities 
(i) Hypertrophy [44, 63, 78], including 
athletes [79-82] 
(ii) Post-traumatic changes [83, 84] 
(iii) Post-surgical changes 
2. Costoclavicular interval 

(a) Developmental anomalies of the sub- 
clavius muscle (including the subclavius 
posticus [85, 86] or other subclavius anom- 
alies [51]) or serratus anterior muscle 

(b) Acquired abnormalities, including hyper- 
trophy of the subclavius muscle [81, 87, 
88] or serratus anterior muscle [46] 

3. Retropectoralis space 

(a) Developmental anomalies of the pectoralis 
minor, such as the pectoralis minimus [89] 

(b) Acquired abnormalities, including hypertro- 
phy of the pectoralis minor, seen in weight- 
lifters and overhead athletes [79-82] 

4, Axilla 

(a) Developmental anomalies, including an 
anomaly of the latissimus dorsi, the axil- 
lary arch of Langer [90] 

(b) Acquired abnormalities, including muscu- 
lar hypertrophy, aneurysm of the posterior 
humeral circumflex artery, and axillary 
artery dissection [78, 91-93] 








Brachial Plexus Abnormalities 

There are variations of the brachial plexus which 

may predispose the plexus to compression, even 

in the absence of fibromuscular or bony anoma- 

lies or dynamic compression [71, 94-96]: 

1. Abnormal branching pattern of the brachial 
plexus 

¢ The pre-fixed brachial plexus receives an addi- 
tional contribution from the C4 nerve root. 

e The post-fixed brachial plexus receives an 
additional contribution from the T2 nerve 
root. 

2. Abnormal course of the brachial plexus 

¢ Components of the brachial plexus may pass 
anterior to the anterior scalene muscle or 
directly through the anterior scalene muscle. 


Dynamic Pathology 


CT and MRI studies have clarified the dynamic 
changes that occur in the anatomic tunnels of the 





thoracic outlet on motion of the ipsilateral upper 

extremity [11, 15, 25, 41, 45, 81, 86, 88, 97-103]. 

On hyperabduction-external rotation, imaging 

demonstrates: 

1. No. significant narrowing of the scalene 
triangle. 

2. Significant narrowing of the costoclavicular 
interval in NTOS patients. 

3. Narrowing of the retropectoralis space, but 
less in NTOS patients than in normal subjects. 

4. Frequent significant narrowing of the presca- 
lene space in both NTOS patients and normal 
subjects. 

In the scalene triangle, the angle of inclination 
of the first rib decreases on hyperabduction- 
external rotation in both normal subjects and 
NTOS patients, although it decreases to a greater 
degree in NTOS patients (Fig. 18.5). However, 
there is no significant narrowing of the scalene 
triangle in either population. 

The costoclavicular interval narrows 
significantly on hyperabduction-external rotation 
in both normal subjects (Fig. 18.6) and in NTOS 
patients (Fig. 18.11). This narrowingis significantly 
greater in NTOS patients. While there is no 
specific measurement threshold that defines 
NTOS, the close proximity of bone and brachial 
plexus or the effacement of fat planes surrounding 
the brachial plexus is considered diagnostic of 
nerve impingement (Fig. 18.11) [11, 88, 100]. 

In the retropectoralis space, the space 
between the pectoralis minor and the subscapu- 
laris narrows on hyperabduction-external rota- 
tion, and the neurovascular bundle shifts 
superiorly, towards the coracoid process 
(Fig. 18.7). A fat plane separates the neurovas- 
cular bundle from the inferior surface of the 
coracoid process and from the surrounding 
muscles. Brachial plexus impingement in NTOS 
patients has been hypothesized on the basis of 
two proposed mechanisms. 

The first mechanism suggests that narrowing 
of the anteroposterior width of the retropectoralis 
space causes impingement. However, while nar- 
rowing occurs (Fig. 18.7), it is less severe in 
NTOS patients than in normal subjects [11, 88]. 
Additionally, the neurovascular bundle shifts to 
the wider cephalad portion of the retropectoralis 
space, where the coracoid process limits poste- 
rior motion of the pectoralis minor. 
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Fig. 18.11 NTOS patient, 
costoclavicular interval, 
sagittal plane, with hyperab- 
duction-external rotation: 
Note marked thickening and 
loss of definition of the 
brachial plexus (arrowheads) 
as it passes through the 
costoclavicular interval with 
the arms in neutral position. 
On abduction, there is 
marked compression of the 
brachial plexus between the 
clavicle (C) and first rib (R), 
with complete effacement of 
perineural fat. Note also the 
decreased caliber of the 
subclavian artery (A) and 
subclavian vein (V), which 
were confirmed on MR 
angiography Courtesy of 
Scott Werden, MD 


The second mechanism suggests that the bra- 
chial plexus becomes taut beneath the coracoid 
process. In 1922, Todd reported the results of an 
experiment he performed by sleeping with his 
own arm hyperabducted for 8 years, which 
resulted in trophic changes of his hand. In 1945, 
Wright studied 150 controls and five patients 
who reported neurovascular symptoms related to 
sleeping with their arm hyperabducted. Wright 
hypothesized that the neurovascular bundle came 
under tension as it traversed the coracoid process 
on hyperabduction. However, imaging fails to 
demonstrate such a mechanism [11, 25, 88, 100] 
(Fig. 18.7). 

Narrowing of the prescalene space with com- 
pression of the subclavian vein on hyperabduc- 
tion-external rotation is frequent in both normal 
subjects and TOS patients, but does not equate 
with venous TOS [20, 25, 88, 100]. 





Imaging Algorithm-MRI or CT 


MRI or CT should be performed with the patient’s 
arms in the neutral position, and then with the 
arms in hyperabduction-external rotation. 
The volume of imaging should extend from the 


Neutral 
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cervical spine medially to the axilla laterally. 
Sagittal and axial MRI images are usually 
sufficient. 

The primary goal of any imaging test 
intended to diagnose NTOS is to assess for 
impingement on the brachial plexus or its com- 
ponents. The first step is to evaluate the course 
of the brachial plexus, as outlined in the Imaging 
Anatomy section, looking for abnormalities of 
each of the anatomic tunnels in turn, and for 
impingement on the brachial plexus caused by 
those entities listed in the Pathology section. 
Evaluation of the brachial plexus should include 
any intrinsic lesion of the brachial plexus. The 
next step is to evaluate the hyperabduction- 
external rotation images, as described in the 
Dynamic Pathology section. Evaluation of the 
cervical spine to rule out central canal or neural 
foraminal stenosis, and of the lung apices and 
supraclavicular fossa soft tissues to rule out a 
soft tissue mass involving the brachial plexus 
should be performed. 

Finally, MR angiography should be consid- 
ered, as there is frequently an element of vascular 
compression in patients with brachial plexus 
compression. Vascular compression can be evalu- 
ated with nearly the same search pattern, including 
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the prescalene space, after which the great ves- 
sels and brachial plexus converge to enter the 
upper extremity. 





Imaging Modality Selection 


Selection of the appropriate imaging modality in 
a patient with TOS depends on the type of TOS 
and the clinical question in a particular patient. 
Commonly used modalities include radiographs, 
CT, ultrasound, and MRI. 


Radiographs 


1. Advantages 
e Widely available 
e Inexpensive 
¢ Low ionizing radiation dose 
e Widely understood by physicians 
2. Disadvantages 
e 2-dimensional only 
e Extremely limited soft tissue evaluation 


CT Scan [39, 45, 48, 52,97,99, 101, 
103-106] 


1. Advantages 

e Excellent bony detail in three dimensions 

¢ CT angiograms provide excellent vascular 
detail 

¢ Fair soft tissue contrast 

¢ Cross-sectional imaging allows excellent 
evaluation of anatomic relationships 

e Faster examination than MRI 

e Widely available 

2. Disadvantages 

¢ Poor demonstration of soft tissue abnor- 
malities associated with TOS [19, 46] 

¢ Higher dose of ionizing radiation than other 
modalities 

e Angiograms require iodinated contrast 
material, with attendant nephrotoxicity and 
allergic contrast reaction risk 

e Artifacts caused by bones and by contrast 
in the accompanying arteries, especially on 
the side of injection 





¢ Direct imaging is performed only in the 
axial plane 


Ultrasound [99, 107, 108] 


1. Advantages 
¢ No ionizing radiation 
e Allows real-time and dynamic evaluation 
of blood flow in arteries and veins 
e Allows assessment in any arm position 
e Allows assessment in any patient position- 
supine, sitting, decubitus or standing 
e Allows assessment in any anatomical plane 
2. Disadvantages 
¢ Acoustic window is limited 
— Bone or lung creates sonographic ‘blind 
spots’ 
Cannot directly see the costoclavicular 
interval, although blood flow can be eval- 
uated proximal and distal to the interval 
¢ Highly operator-dependent 
— Few sonographers understand the complex 
anatomy or expected dynamic changes 
¢ Limited soft tissue differentiation 
— High-frequency transducers required for 
evaluation of smaller structures may be 
limited in larger patients or patients with 
a short neck [117] 


MRI [11, 19, 23, 24, 56, 81, 86, 88, 100, 
109-114] 


1. Advantages 
e Superior soft tissue contrast, characteriza- 
tion and differentiation 
— Allows differentiation of nerves [109, 110, 
112, 115, 116], muscle, fat, lung, fluid 
— Can selectively emphasize or de-empha- 
size specific soft tissues, such as fat, 
fluid, nerves or blood vessels 
¢ No ionizing radiation 
¢ Direct imaging in any plane 
2. Disadvantages 
¢ Lengthier examination than radiographs, 
CT, and ultrasound 
— The patient must keep their arms in a 
potentially painful position for a longer 
period of time 
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¢ Often more than other 
examinations 

¢ Not as widely available as other tests 

— More technically demanding examina- 
tion for technologists and radiologists 

e More complex and difficult to understand 

for non-radiologists 

In the author’s practice, MRI has become the 
imaging modality of choice in patients with 
NTOS. While bony abnormalities are easily 
detected on radiography or CT, they are more fre- 
quently associated with arterial TOS than with 
neurogenic TOS. Soft tissue abnormalities are 
more frequently associated with neurogenic TOS, 
are frequently invisible on radiography and CT, 
and are well-seen on MRI. 

As a final note, imaging findings should 
always be interpreted in the setting of appropriate 
clinical findings, as is true with any imaging test. 
Developmental anomalies or acquired abnormali- 
ties are not always sufficient to cause TOS, but 
the combination of clinical diagnosis of TOS and 
demonstration of anatomic anomalies or patho- 
logic changes is a powerful confirmatory tool in 
these patients. 
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Electro-diagnosis of NTOS has been challenging for several years, and 
conventional needle electrode and nerve conduction velocity techniques 


have proven disappointing. Currently, newer techniques using cervical 
root stimulation and measurements of medial antebrachial cutaneous nerve 
function appear to provide far improved clinical correlations for presence 
of NTOS, and should be included in any electro-diagnostic evaluation. 
Traditional approaches such as somatosensory evoked potentials, stimula- 
tion at Erb’s point, and F-wave determinations have been discredited, and 
provide little substantive information. 


Historical Perspective 


Electrical recording of internal bodily physiolog- 
ical functions has long been employed in clinical 
medicine. The electrocardiogram records cardiac 
activity, the electroencephalogram records cere- 
bral activity, and electromyography evaluates 
both muscle and nerve. For many decades, there 
has been hope that electro-diagnostic techniques 
could be applied reliably in the confirmation of 
neurogenic thoracic outlet syndrome (NTOS), 
similar to substantiating carpal tunnel syndrome 
or cervical radiculopathy. Unfortunately, due to 
disappointing lack of correlation when traditional 
electro-diagnostic approaches were employed, 
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skepticism regarding the value of electromyogra- 
phy emerged. In 1999, Roos commented about 
the absence of “more sensitive techniques” to 
confirm NTOS [1]. However, in the past few 
years, technical advances have clarified physical 
examination findings, localized pathology, and 
even correlated with surgical outcomes. These 
procedures use both direct and indirect electrical 
measurements of the brachial plexus, and can 
confirm anatomical pathology over the lower bra- 
chial plexus. 

Classically, a number of electrophysiological 
findings were thought to be useful in confirming 
brachial plexus pathology. Gilliatt studied patients 
with cervical ribs or bands and described a 
reduced ulnar sensory nerve action potential 
(SNAP) consistent with a lesion at or distal to the 
dorsal root ganglion of C-8. They also noted 
reduced thenar M-wave voltage indicating pathol- 
ogy localized in the brachial plexus [2, 3]. In 
1979 Wulff and Gilliatt noted some afflicted 
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patients demonstrating a prolonged latency of 
hypothenar F-wave response to ulnar nerve stim- 
ulation in the affected hand [4]. During the 1980s, 
multiple reports of abnormal ulnar nerve soma- 
tosensory evoked potentials (SSEP) in patients 
with thoracic outlet syndrome appeared in the lit- 
erature [5, 6]. However, in 1988 Aminoff reported 
on 23 patients with suspected brachial plexopa- 
thies [7]. Five of the patients were labeled as hav- 
ing NTOS, and diagnosis was confirmed by 
diminution of ulnar sensory nerve action poten- 
tials, abnormal thenar muscle motor responses, 
and some needle electrode abnormalities in ulnar 
innervated muscles. However, ulnar F-wave 
responses and SSEP measurements failed to 
confirm the above findings. Ten patients with 
non-NTOS were also studied, and had normal 
electro-diagnostic studies. Of interest, the inves- 
tigators were aware of “nerve root stimulation in 
evaluating conduction across the lower trunk and 
medial cord of the brachial plexus” but had no 
experience utilizing this technique. This paper 
did re-emphasize the prior failure of supraclavic- 
ular stimulation at Erb’s point to confirm pathol- 
ogy in the brachial plexus, especially in regards 
to NTOS [8, 9]. 


Traditional Electrophysiologic 
Nerve Testing 


During the 1980’s, it was felt that the most useful 
and well established electro-diagnostic criteria to 
evaluate NTOS utilized needle electrode electro- 
myography (EMG) and conventional nerve con- 
duction studies [6]. Diagnosis of “true thoracic 
outlet syndrome” was based on needle electrode 
findings of chronic neurogenic changes in small 
hand muscles, and diminished amplitude of ulnar 
SNAP’s, in the presence of otherwise normal 
nerve conduction velocities [10]. The value of 
ulnar nerve SSEP determinations was discredited 
by a Mayo Clinic study in 1988 [11]. Of the 20 
patients clinically diagnosed with TOS, nerve 
conduction studies and needle electrode exami- 
nations were abnormal in 30 %, yet only 15 % of 
these patients possessed abnormal SSEPs. It was 
concluded that ulnar SSEP’s would only be 
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abnormal if the EMG data was also abnormal and 
therefore was “probably not worthwhile.” 

Due to the fact that multiple patients with TOS 
failed to show EMG abnormalities, with tradi- 
tional techniques, a number of papers described 
an entity called “disputed thoracic outlet syn- 
drome” [12]. Concerns of the risks involved in 
surgery for TOS emphasized that there were “no 
reliable confirming or diagnostic tools” available 
pre-operatively [13]. Some reports also suggested 
a diagnostic confusion between NTOS and carpal 
tunnel syndrome [14], and comments stating that 
there were “no generally accepted electro diag- 
nostic abnormalities” appeared in the literature in 
1999 [1]. 


Cervical Root Stimulation (CRS) 


As has been previously witnessed in the history 
of medical progress, little attention was initially 
paid to clarifying approaches to electro-diagnosis 
of TOSI. In 1975 a new technique was introduced 
by MacLean and Taylor [15]. They performed 
direct measurements of the brachial plexus by 
placing a needle electrode subcutaneously just 
laterally, next to the C-7 vertebral body, and were 
able to establish reliable measurements of con- 
duction velocity across the lower brachial plexus. 
Subsequent studies of cadavers provided a profile 
of expected normal values and a refinement of 
early techniques [16]. The technique of CRS was 
described in 1983, and normal nerve conduction 
velocity values across the lower brachial plexus 
were documented [17, 18]. This approach seemed 
also of some potential benefit in evaluation of 
cervical radiculopathy [19]. Electrical stimula- 
tion at the root level provided an approach to 
directly measure through the vertebral foramen 
and across the brachial plexus. This contrasted 
with the failures of Erb’s point stimulation tech- 
niques that were too distal and imprecise to docu- 
ment focal plexus pathology such as medial cord 
compression, and have now been discredited as 
having little value in diagnosis of NTOS [9]. 
Application of electrical currents through 
implanted needle electrodes instead of surface 
electrodes raised fears of damage to nerve and 
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muscle. A safety study demonstrated that the 
maximal temperature elevation at the needle tip 
was 2.5 °C, and 2,000 consecutive patients expe- 
rienced no adverse events [20]. 





Medial Antebrachial Cutaneous 
Nerve (MACN) Testing 


Another valuable approach was described in 
1993, when Nishida tested the MACN in “true 
thoracic outlet” syndrome, and recommended 
this technique as an adjunct in the early diagnosis 
of NTOS [21]. Asymmetrical low voltage MACN 
potential testing abnormalities seemed more fre- 
quent than low voltage ulnar SNAP’s, in the 
symptomatic Subsequently, Kothari 
described electro-diagnostic results of MACN 
studies in eight patients who possessed clinical 
symptoms and signs of NTOS [22]. The MACN 
voltage results were abnormal in all eight, and 
correlated with abnormal ulnar SNAP’s in seven 
patients. It was suggested that the MACN sen- 
sory study be performed when other standard 
electrophysiological tests proved inconclusive. In 
2004, Seror reported usage of MACN conduction 
studies in 16 patients with mild lower brachial 
plexus lesions. This further established the value 
of this approach in patients who otherwise pos- 
sessed normal electro-diagnostic studies [23]. 
Only 4 out of 16 patients demonstrated any nee- 
dle electrode abnormalities in C8-T1 innervated 
muscles, and none demonstrated abnormal 
median compound motor action potentials 
(CMAP) or low ulnar SNAP’s. Accordingly, this 
study comments “MACN testing may be the only 
abnormal result of an electro-diagnostic exami- 
nation ... to characterize these mild lower bra- 
chial plexus lesions”. 

Anatomically, the MACN is the lowest branch 
of the brachial plexus, with sensory fibers travel- 
ing through the lower trunk and medial cord of 
the brachial plexus, and, specifically derived from 
the C8-T1 roots. Functionally, it provides sensa- 
tion over a portion of the medial forearm. The 
MACN carries predominately T1 fibers, and may 
correlate with NTOS in a more sensitive fashion 
due to the presence of more stretching and 
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angulations of the T1 fibers as compared to the 
C8 fibers [24]. An older observation amongst 
electromyographers, who studied NTOS, was the 
finding of occasional low voltage median CMAP’s 
associated with normal ulnar CMAP’s, which has 
been considered to represent T1 pathology, 
also [22]. 

From the data involving both direct brachial 
plexus measurements (CRS) and the studies 
detailing work with MACN evaluations, it appears 
that electro-diagnostic testing can be used quite 
reliably to document the presence of NTOS. 
Incorporating both these newer techniques with 
classical approaches, 41 patients diagnosed with 
NTOS were studied pre-operatively, and in a few 
cases, post-operatively [25]. All of these patients 
possessed both chronic and advanced clinical 
symptoms and signs. In 40 of these individuals, 
electro-diagnostic abnormalities were present. 
C8 nerve root stimulation showed slowing of 
conduction velocity over the lower brachial 
plexus in 54 % of tested individuals. MACN 
amplitudes were measured bilaterally with 61 % 
of patients showing a 50 % amplitude reduction, 
and 73 % with prolongation of SNAP latency on 
the involved side. Additional electro-diagnostic 
pathology in ten patients studied post-operatively 
demonstrated needle electrode abnormalities in 
C8-T1 muscles, decreased ulnar SNAP voltages, 
and even presence of carpal tunnel syndrome and 
cubital tunnel syndrome (unpublished data). 
Patients who experienced a successful surgical 
outcome, showed improved electrical results 
postoperatively. C8 nerve root stimulation showed 
improved conduction velocity in four tested 
patients, each with positive surgical outcomes. In 
seven patients with excellent outcomes, the 
MACN amplitude returned to normal, but in the 
two patients without surgical response, the ampli- 
tudes did not substantially alter. 





Summary 


It is now abundantly clear that electro-diagnostic 
testing for NTOS is of substantial value in 
not only confirming the diagnosis, but also of 
benefit in confirming or disconfirming surgical 
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Table 19.1 Electro-diagnostic technical approaches 


Cervical root stimulation: Insert the needle perpendicular to the skin 1 cm slightly lateral and caudal to the C7 
spinous process. The recording site should be over the hypothenar eminence, abductor digiti quinti. The evoked 
response form should be identical to that obtained when stimulating at the wrist or proximal to the elbow, and 
distance measurements can be taken from the neck to just below the axilla. Do not use Erb’s point as a distance 
marker! Proximal conduction velocity in the literature across the plexus employing C8 stimulation techniques range 
from 63 to 74 m/s [18]. Steel calipers are more accurate than tape measures (Conservative values were used in the 
Machanic and Sanders study, 56 m/s or below to indicate pathology) 


MACN testing: Place the recording disc electrodes 12 cm distal to the antecubital fossa, over the dermatomal 
distribution of the MACN. Stimulate over the medial forearm about 1—2 cm proximal to the antecubital fossa. 
Carefully increase stimulation voltage, as too high a voltage will cause a CMAP to obscure the SNAP response in 
some cases. Compare both sides. The most acceptable abnormality is a voltage asymmetry of 50 % or more. 
Latency prolongation is less reliable, but if asymmetrical, may be helpful. Best here to gain experience by testing 
normals and establishing lab values for both latency and voltage (In the Machanic and Sanders study, a latency 
beyond 2.4 ms and a voltage below 10 iV was felt to be abnormal, but the literature values do vary, and local 


standardization is recommended) 


outcomes. The medical literature does support 

the usage of a variety of approaches that can pro- 

vide clinical correlations. The following tech- 
niques have proven of value: 

1. Needle electrode examination of cervical 
paraspinal and upper extremity muscles can 
evaluate and correlate cervical radiculopathy, 
brachial plexopathy, carpal tunnel syndrome, 
cubital tunnel syndrome, and myopathy. 
Specific to NTOS, neurogenic changes in 
C8-T1 innervated small muscles of the hand 
can be identified. 

2. Conventional nerve conduction velocity stud- 
ies can confirm presence of carpal tunnel syn- 
drome, ulnar neuropathy, radial neuropathy, 
etc. Specific to NTOS, low amplitude ulnar 
SNAP, low amplitude median CMAP, and 
very rarely, low amplitude ulnar CMAP may 
be identified. 

3. CRS studies are of proven benefit, but are 
technically challenging and not as consistently 
useful as MACN studies. It is important to 
note that abnormalities indicate pathophysiol- 
ogy, but anatomically do not rule out an alter- 
native process such as metastasis, diabetes, 
vasculitis, Parsonage-Turner Syndrome, etc. 

4. MACN studies are perhaps now the gold stan- 
dard, and should always be performed on 
patients with suspected NTOS. However, they 
may be nonspecific, and like CRS studies can 
be abnormal in patients with brachial plexopa- 
thy of other etiologies. 


The literature does suggest highest correlation 
and yields, if all of the above approaches are 
included in the electro-diagnostic evaluation. 
NOT RECOMMENDED due to limited value or 
redundancy in evaluation of NTOS: Erb’s point 
stimulation and measurements, SSEP’s of median 
and ulnar nerves, and F wave studies (See 
Table 19.1 for technical aspects for electro- 
diagnostic testing). 
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Sheldon E. Jordan 


Abstract 


For targeted therapy such as TOS surgery to be effective, it must be deter- 
mined that a particular patient has a disability actually caused by TOS and 
that this component overshadows any coexisting causes of disability. 
When the TOS component of a cervicobrachial syndrome is temporarily 
reversed with selective blockade it is expected that the longer term benefits 
of a targeted approach may be predicted. The present chapter will discuss 
the evolution and implementation of scalene test blocks in performing the 
role of predicting outcomes to TOS targeted therapy. For those patients 
who are not TOS surgical candidates other pain interventional techniques 


are discussed. 


Introduction 


For targeted therapy such as TOS surgery to be 
effective, it must be determined that a particu- 
lar patient has a disability actually caused by 
TOS and that this component overshadows any 
coexisting causes of disability. When the TOS 
component of a cervicobrachial syndrome is 
temporarily reversed with selective blockade it is 
expected that the longer term benefits of a tar- 
geted approach may be predicted. The present 
chapter will discuss the evolution and implemen- 
tation of scalene test blocks in performing the role 
of predicting outcomes to TOS targeted therapy. 
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For those patients who are not TOS surgical can- 
didates other pain interventional techniques are 
discussed. 

A scalene test block is designed to provide 
diagnostic information that would help a clini- 
cian decide on a therapy that targets NTOS 
specifically. As discussed in Chap. 8, many 
patients with features of NTOS may have coex- 
isting conditions that overshadow NTOS in 
causing disability. A scalene test block is 
designed for the purposes of temporarily revers- 
ing the TOS component for a few hours in order 
to demonstrate a resulting substantial improve- 
ment in the performance of activities that would 
typically be limited by pain, rapid development 
of fatigue or numbness. In this manner, the 
patient and clinician is able to preview what 
may happen after targeted therapy is applied so 
that NTOS decompression surgery may be con- 
sidered with a greater degree of confidence. The 
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scalene test block is able to produce a temporary 
relief by virtue of producing temporary paraly- 
sis of the muscle due to anesthetic blockade at 
the level of the intramuscular nerve branches. 
Potential direct effects of muscle paralysis 
include relaxation of neurovascular compres- 
sion between tightened muscles at the intersca- 
lene triangle as well as potential dropping of the 
top rib while upward tension is lost from the 
scalene muscle. Other direct effects may result 
from blockade of painful sensory input from the 
muscles. Indirect effects that may confound 
analysis include placebo effects and examiner 
biases which both need to be minimized. 
Occasionally weeks or months of therapeutic 
benefit may result from scalene test injections, 
although the procedure is designed primarily for 
diagnostic purposes. 

Over the years, the test has evolved so that it 
has become highly predictive of good outcomes 
following thoracic outlet decompression. It is 
worthwhile to consider a historical view; as 
refinements have been added incrementally, the 
incremental benefits in test accuracy can attest to 
the needs for these refinements. 


Evolution of the Scalene Test Block 
and Presently Utilized Protocols 


TOS Test Blocks: Single Site Injection, 
Surface Landmarks 


In an initial account, scalene test blockade was 
performed using surface landmarks only without 
imaging or electrophysiological guidance. There 
were no corrections for placebo effects or exam- 
iner bias. Inadvertent spread of anesthetic to 
unintended sites was occasionally observed [1]. 


TOS Test Blocks: Single Site Injection, 
EMG Guidance 


Another early technique utilized electromyo- 
graphic and stimulation guidance [2]. The ante- 
rior scalene was the sole anesthetic target with 
this approach. The high rate of false negatives 


S.E. Jordan 





(50 %) was thought to be caused a failure to block 
more distal sites of potential compression. 
Furthermore, inadvertent injection of anesthetic 
outside of the targeted muscle due to accidental 
needle advancement could not be detected as the 
EMG signal is lost during actual fluid injection. 
Inaccurate placement of injectant was as least 
partially problematic because some patients 
would experience numbness of the thumb due to 
C6 blockade or develop a clinically evident sym- 
pathetic block. 


TOS Test Blocks: Multiple Site Injection, 
Fluoroscopic and EMG Guidance 


More accurate targeting was achieved when 
fluoroscopic guidance was added to EMG guid- 
ance [3, 4]. Although CT and MRI guidance were 
considered, these imaging modes were rapidly 
abandoned because of cost, the slow pace of 
patient flow and the intrinsic inability to track 
misplaced injectant flow as these modalities lack 
a real time mode. Radiation exposure was also 
problematic for CT guidance. 

In the final 5 years of a protocol combining 
fluoroscopic guidance and EMG, 497 test block 
injections were performed in our UCLA Vascular 
Surgery affiliated clinic; there were two pneu- 
mothoraces and there were occasional inadver- 
tent blocks of the C6 root or sympathetic 
blockade. There were insufficient safeguards to 
minimize and account for placebo effects and 
potential examiner biases. 


TOS Test Blocks: Multiple Site Injection, 
Double Blinding, Randomized 
Comparative Intramuscular Nerve 
Blockade with Ultrasound and EMG 
Guidance and a Specific Instruction Set 


The most recent iteration of the test block for 
NTOS has included controls for placebo effects 
and examiner bias. Live combined ultrasound 
guidance and EMG guidance is performed to 
ensure accurate injectant placement and confirm 
delivery of small volumes of injectant to the motor 
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Fig. 20.1 Needle tip in 
anterior scalene muscle prior 
to injection (inside circle). 
The arrow points to C6 nerve 
root which may reached by 
leakage of injectant 


innervation within the muscle targeted without 
spread across tissue planes. A full target set is 
included to be sure that more distal sites of TOS 
compression are not missed. Accuracy in predict- 
ing outcome to TOS targeted therapy is markedly 
improved compared to historical approaches. 

A detailed description for the present scalene 
test protocol is as follows: patients are first 
instructed about the need and the nature of double 
blinding. They are told that either chloroprocaine 
(with a 1 h duration) or marcaine (with a 5 h dura- 
tion) will be injected into the targeted muscles 
including the anterior scalene, subclavius, pectora- 
lis minor. They are shown how to keep an hourly 
pain diary that measures pain, numbness and 
weakness at rest and with stress maneuvers (includ- 
ing the | min EAST) every hour while awake and 
the following morning. They are also asked to per- 
form activities that characteristically cause dis- 
comfort. They are carefully coached to focus on 
either a 1 h ora 5 hresponse. The identity of injec- 
tion is determined by coin flip by the surgical nurse 
and then documented in a form placed in a sealed 
envelope. Patient expectations are reviewed prior 
to the procedure to be sure that there is a full under- 
standing of what is being measured. 

During the procedure, the patient is awake and 
secured in a semi rotated supine position on a 





surgical table with the upper body elevated 30° 
and the shoulder is rotated off the table with a 
wedge. Combined electromyographic monitor- 
ing and live ultrasound is performed throughout. 
The muscles of interest are targeted in the mid 
belly region with 25 gauge Teflon coated hypo- 
dermic EMG and injection needle (see Fig. 20.1). 
EMG recording may confirm high frequency 
motor unit activity when the patient is at rest con- 
sistent with clinically observed dystonia. Motor 
thresholds are then determined by observing a 
twitch on the ultrasound at approximately | mA 
constant current stimulation at final needle posi- 
tioning. The procedure targets the intramuscular 
nerve terminal branches. The patient is instructed 
to respond when the effects of stimulation are 
perceived, and the nurse records pain intensity 
and relative concordance with historical pain pat- 
terns. The recording nurse is blinded to the mus- 
cle being injected and there is no verbal 
identification of target identity. Control muscles, 
such as the trapezius and sternocleidomastoid, 
are similarly targeted but only injected with 
saline. The anterior scalene, subclavius and pec- 
toralis minor are sequentially subjected to the 
above targeting maneuvers and then injected with 
1 cc of anesthetic and 1 mg of dexamethasone. 
Live ultrasound is continued throughout to be 
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sure that the injectant flows along the targeted 
muscle and not into the plexus. 

The pain diaries are mailed or faxed to the 
examiner the following day and interpreted prior 
to revealing the identity of the injectant. A valid 
positive response consists of a greater than 50 % 
reduction in the pain scale scoring at rest and 
with stress maneuvers for a time period that is 
consistent with the identity of the injectant. 
Provocation testing during the procedure should 
reveal concordant pain responses from the sca- 
lene, subclavius or pectoralis muscles and not 
from control muscles. 

Over the 5 years prior to writing this chapter, 
879 combined ultrasound and EMG guided TOS 
test blocks were performed in our UCLA Vascular 
Surgery affiliated clinic. There were no instances 
of inadvertent anesthesia of the plexus or C6 root, 
sympathetic blockade, pneumothorax or hemato- 
mas. Of the 110 consecutive cases of cervicobra- 
chial syndrome that were closely analyzed, 64 
out of 67 with a positive block had a good out- 
come (defined as more than 50 % improvement 
in numerical pain scores and improvement in 
work and home activities and reduction in rescue 
medications for at least 3 months for chemoden- 
ervation and | year for surgery) to targeted ther- 
apy (botulinum chemodenervation or thoracic 
outlet decompression) yielding a true positive 
rate of 96 %. Further, 14 of 15 patients who had a 
positive block had a good outcome after surgery 
for a true positive rate of 93 %. By contrast, only 
3 of the 11 with a negative test block had a good 
outcome, yielding a false negative rate of 27 %. 

The 96 % true positive rate is better than that 
in our previously published series (86 %; Fisher 
exact p=0.0433) [4]. The false negative rates for 
the two series, 0 and 27 %, respectively, were not 
significantly different. The improvement in the 
true positive rate likely results from enhance- 
ments that were designed to minimize placebo 
effects. Using comparative blocks is a commonly 
used strategy to cut down on placebo effects 
[5, 6]; it is proposed that direct effects of an anes- 
thetic block should last as long as the physiologi- 
cal effects of a local anesthetic. Unexpectedly 
long or short responses are proposed to represent 
placebo responses or other non specific effects. 
In a sequential and prospective comparison of 
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protocols when 41 patients were given non- 
specific instructions during the consent procedure 
only 12, or 29 %, had experienced responses that 
were commensurate with the specific anesthetic; 
many had improvements that lasted days or 
weeks. By contrast, 20 of 26 patients (77 %) who 
were treated with a specific instruction set had a 
commensurate response. In other words by using 
specific and controlled instructions as outlined 
above, the placebo and non-specific response rate 
was cut down from 71 to 23 % (Fisher Exact 
p=0.0002). 

In the series of 110 patients analyzed sequen- 
tially above, there were seven poor outcomes to 
targeted therapy in patients who had a positive 
test block at other facilities that did not follow the 
above protocol. Double blinding was not prac- 
ticed by these centers. 

The EMG component of the present protocol 
confirms the presence of excessive motor unit 
activity and is a critical addition in two circum- 
stances. First, it will confirm the ultrasound 
appearance of intramuscular needle tip penetra- 
tion and help identify illusions of penetration due 
to needle tip invagination of the muscle surface. 
The second benefit is the ability to monitor an 
intramuscular location when the ultrasound 
image of the tip is obscured by the clavicle while 
trying to target the subclavius muscle (see 
Fig. 20.2). Live ultrasound is helpful in demon- 
strating patterns of injectant flow in real time; 
incomplete filling or leakage will lead to an 
immediate adjustment of needle tip positioning 
(see Figs. 20.3 and 20.4). 





Ultrasound Guided Stellate Blocks 


Sympathetic blockade targeting the Stellate 
ganglion and cervical sympathetic chain has 
been used for treating patient with complex 
regional pain syndrome (CRPS). Anterior cervi- 
cal approaches utilizing surface landmarks or 
fluoroscopic imaging have been recently 
replaced with ultrasound guided targeting of the 
cervical sympathetic chain and ganglia using 
and anterolateral approach [7-9]. The lateral 
approach with ultrasound appears to minimize 
complications such as vascular laceration with 
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Fig. 20.2 Needle tip 
obscured by clavicular 
shadow (C). Arrows along 
line of needle shaft 


Fig. 20.3 Needle tip (inside 
circle) within pectoralis 
minor 


hematoma formation, inadvertent spinal injec- 
tion, inadvertent esophageal injection, hoarse- 
ness, dysphagia, and pneumothorax. In our 
experience, 290 combined ultrasound and EMG 
guided stellate ganglion blocks have been per- 
formed. The technique is similar to published 
accounts except that EMG guidance is used with 
a Teflon insulated recording and injecting nee- 
dle to be sure that the needle tip is not in the 
longus colli muscle, but just superficial to it. 
Live ultrasound confirms spread along the pre- 
vertebral fascial plane. Most of the patients 
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developed a Horner’s Syndrome for hours, but 
no complications have been seen. Most patients 
with CRPS have at least temporary relief of 
hand and arm symptoms and several degrees 
warming of the extremity by thermographic 
monitoring. Some patients may not have pain 
relief in the hands due to bypassing of the stel- 
late ganglion and cervical sympathetic chain by 
hand sympathetic innervation directly from T2. 
A direct approach to the T2, T3 sympathetics 
may be _ performed  percutaneously with 
fluoroscopic guidance for the latter patients. 
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Fig. 20.4 Needle tip (inside 
circle) within pectoralis 
minor showing filling of 
injectant throughout the 
muscle belly 


Ultrasound Guided Brachial 
Plexus Blocks 


Ultrasound monitoring has improved techniques 
of brachial plexus blocks for peri-operative appli- 
cations [10]. Ultrasound guided selective brachial 
plexus blocks may also be added to the therapeu- 
tic regimen for patients who have recurrent neu- 
ropathic pain after thoracic outlet decompression. 
As with other regional nerve injection techniques, 
pulsed radiofrequency and hyaluronidase injec- 
tions may be added in attempts to create a longer 
duration of effect. In our experience, 84 ultra- 
sound guided brachial plexus blocks have been 
performed. Most often the lower trunk was 
specifically targeted. Most patients achieved 
1-3 months of relief. Complications have been 
rare: one patient with von Willebrand’s disease 
had a hematoma that resolved without further 
intervention and one patient had a temporary par- 
esthesias in the hand. 


Suprascapular and Axillary Blocks 
Ultrasound and fluoroscopically guided supras- 


capular blocks with pulsed radiofrequency have 
been described for chronic shoulder pain [1 1—13]. 
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If a patient still has shoulder complaints which 
may not be amenable to surgery, then suprascap- 
ular blocks may be performed along with pulsed 
radiofrequency to help reduce the ongoing pain 
problem. 


Facet Blocks 


For patients with axial and periscapular pain, cer- 
vical facet-generated pain may be considered. 
Several authors have discussed the possibility of 
diagnosing facet generated pain by performing 
comparative blocks of the facet innervation. 
Prolonged benefit may be provided when patient 
with a positive test injection are subsequently 
treated with radiofrequency ablation of the facet 
nerves [14-18]. 


Botulinum Chemodenervation 


There is an abundant literature describing the 
evaluation and treatment of spontaneous dysto- 
nias as well as dystonias associated with occupa- 
tional exposures and trauma [19-43]. Although 
some authors have pointed out distinctions 
between the two groups, many similarities can be 
pointed out. Both classes of patients may have 
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pain in the neck and shoulder muscles, and both 
classes may demonstrate excessive motor unit 
activity in the scalene muscles and may have 
radiating symptoms due to neural compression. 

It was the latter revelation that suggested the 
initial trial of botulinum toxin type A (Botox, 
Allergan, Inc, Irvine, CA) for patients with TOS 
who may demonstrate excessive tension in the 
scalenes and other shoulder muscles. Furthermore, 
a muscle biopsy study from our group seemed to 
demonstrate that many patients with TOS may 
have histochemical evidence compatible with 
chronic ongoing excessive muscle activity in the 
scalene muscles [44]. As we had been routinely 
performing EMG guided scalene blocks at that 
time, it was further demonstrated that many of 
the TOS patients had electromyographic evidence 
of excessive motor unit activity. This excessive 
muscle activity appeared to be a potentially treat- 
able with botulinum toxin injections. 


Botulinum: Single Site Injections 
for TOS and Dystonia 


As with the scalene test block experience, an his- 
torical account of incremental improvements in 
botulinum chemodenervation over the years can 
be used to point out important improvements that 
appear to be crucial in maximizing good out- 
comes when this approach is used for patients 
with TOS. 

In the 1990’s, our group started using botuli- 
num chemodenervation targeting the anterior and 
middle scalene muscles as well as the painfully 
dystonic trapezius muscles using EMG and stim- 
ulation guidance [3]. All patients were confirmed 
to have NTOS by provocative and anesthetic sca- 
lene block testing, and all patients had EMG 
confirmation of excessive motor unit activity in 
the anterior and middle scalene muscles. Live 
mode fluoroscopy confirmed filling of contrast 
along muscle planes without leakage. There was, 
however, no ability to separately monitor the flow 
patterns of the subsequently injected toxin or for 
reconfirmation of needle positioning after the 
completion of injections, and this was thought to 
be responsible for the two out of 22 patients who 
had developed transient dysphagia. A good 





outcome was defined as a 50 % or better relief of 
pain at rest and with targeted functional activities 
involving repetitive reaching and grasping; this 
lasted for only 3 months and occurred in only 
64 % of these patients. The low response rate was 
believed to be due to injection of only a single 
site for the neurovascular complaints (anterior 
and middle scalene muscles) and only a single 
site for shoulder pain (trapezius). 

Christo and colleagues presented a series of 
single site botulinum injection using CT guid- 
ance into the anterior scalene muscle in 27 
patients with a clinical diagnosis of TOS [45]. 
No other injections were performed for shoulder 
pain or for shoulder protraction or elevation dys- 
tonia. There was a 15 % reduction in Visual 
Analogue Pain scores (VAS) at 3 months, but no 
functional outcomes were measured. Torriani 
also reported on a series of ultrasound guided 
injections with botulinum toxin in patients with 
TOS with VAS pain scale improvement in 69 % 
lasting an average of 31 days [46]. Again, no 
functional outcomes were measured. Most of the 
patients had injection of the scalene muscles, 
although a few had injection of either the pecto- 
ralis minor or subclavius. Finlayson reported on 
randomized placebo controlled double blinded 
EMG guided single site injection of the scalene 
muscles in patients with a clinical diagnosis of 
TOS. The primary outcome was pain measured 
by VAS. Secondary outcomes included the 
SF-36, the DASH and days lost from work. No 
beneficial effect of botulinum chemodenervation 
was found [47]. 





Botulinum: Multiple Site Injections 
for TOS and Treatment of Dystonia 


Several experiences suggested that multiple tar- 
gets should be included when considering botuli- 
num injections. The emergence of MRI imaging 
of TOS with stress positioning demonstrated that 
patients may have proximal as well as distal sites 
of compression, for example, at the costoclavicu- 
lar space. It became apparent that full decom- 
pression of the thoracic outlet may require 
chemodenervation of muscles distal to the sca- 
lenes. Furthermore, it was our experience that 
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patients who already had scalenectomy could 
still achieve relief with botulinum injections of 
the subclavius and pectoralis minor muscles. 
A newly developed strategy was to target all mus- 
cles that may be relevant for TOS as well as to 
treat all of the dystonic muscles that were causing 
postural disturbances or contributed to regional 
pain. The published comparison of multisite and 
single site injection for TOS demonstrated supe- 
riority of good response rates for the multisite 
protocol at 91 and 68 %, respectively (Fisher one 
tailed p=0.0201) [48]. Compared to the earlier 
reported mean duration of 3 months, the present 
duration of effect is a mean of 5.4 months with a 
range of 1.5—12 months with the most recent pro- 
tocol. Although botulinum toxin type A is thought 
to have a muscular relaxation effect only as long 
as 3 months and a potential action on release of 
inflammatory factors for a similarly short time 
period, it appears that patients may have clinical 
improvements that last longer than the direct 
effects of botulinum toxin. 

Over the most recent 2 year period, botuli- 
num chemodenervation was performed on 382 
occasions in our UCLA Vascular Surgery 
affiliated clinic with no instances of pneumotho- 
rax, hematoma, infection, dysphagia, dysphonia, 
or any other evidence of unintended muscular 
paralysis. 

Concerns have been raised about the possibil- 
ity of developing neutralizing antibodies with 
subsequent secondary resistance to botulinum 
toxin when using large doses and multiple tar- 
gets. Over the past 10 years we have performed a 
total of 1,794 botulinum chemodenervation pro- 
cedures in 522 patients in our UCLA Vascular 
Surgery affiliated clinic using multiple target 
injections and Botox doses in the 150-200 MU 
range. There have been only two patients with 
secondary resistance, both of whom responded to 
botulinum toxin type B. Our experience com- 
pares favorably to the published rate of develop- 
ing neutralizing antibodies of approximately | % 
for patients injected with similarly large doses 
and multiple site injections [49, 50]. 

In summary, for patients with NTOS, several 
interventional injection techniques may be 
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considered at different stages of the patient 
treatment plan. Test injections may be used in the 
pre-operative stage to confirm a diagnosis of TOS 
and to predict outcomes for surgical decompres- 
sion. In patients who are not surgical candidates, 
brachial plexus injections, sympathetic blocks 
and botulinum chemodenervation can be done 
safely and may be helpful in reducing pain and 
providing for a higher level of functioning. 
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Introduction 


Abstract 

The diagnosis of neurogenic thoracic outlet syndrome (NTOS) depends 
upon clinical suspicion, pattern-recognition, and exclusion of more com- 
mon conditions that have overlapping features. In most patients a diagno- 
sis of NTOS can be made or excluded on the basis of the clinical history, 
description of symptoms, and physical examination, with the provisional 
diagnosis being supplemented by a limited number of diagnostic studies. 
In this chapter we describe ongoing efforts by the Consortium for Outcomes 
Research and Education on Thoracic Outlet Syndrome (CORE-TOS) to 
develop and validate diagnostic criteria for NTOS, based on an expert 
group consensus approach using Delphi methodology, and present a pre- 
liminary set of diagnostic criteria. Careful follow-up studies using stan- 
dardized assessment instruments, particularly through consortium efforts 
to involve larger number of patients than available at any single center, 
will provide further insight into the most accurate diagnostic and prognos- 
tic criteria for NTOS. 


subcoracoid space. Neurogenic thoracic outlet 
syndrome (NTOS) is the most frequent of these 


Thoracic outlet syndromes are rare conditions 
caused by compression of neurovascular struc- 
tures within the anatomic space posterior to the 
clavicle, above the first rib, and extending to the 
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conditions, representing 85-95 % of all patients. 
NTOS is due to brachial plexus nerve compres- 
sion caused by a combination of (1) congenital 
variations in anatomy, such as a cervical rib, 
anomalous scalene musculature, and/or aberrant 
fibrofascial bands, coupled with (2) a history of 
neck or upper extremity injury or repetitive trauma 
that has resulted in spasm, fibrosis and other path- 
ological changes in the scalene and/or pectoralis 
minor muscles [1-5]. Acquired changes in pos- 
ture, abnormalities in neck and shoulder muscle 
mechanics, and excessive perineural fibrosis also 
contribute to brachial plexus nerve compression 
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Table 21.1 Differential diagnosis of NTOS 


Carpal tunnel syndrome 
Cervical spine strain 


Cubital canal syndrome 
Cervical disc disease 
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Rotator cuff tendinitis 


Cervical arthritis 


Fibromyositis Brachial plexus injury Acromioclavicular joint 
Fibromyalgia Vasculitis Atheroembolism 
Raynaud’s syndrome Scleroderma CRPS/RSD 

Cervical dystonia Lymphedema Psychogenic syndrome 


Parsonage-turner syndrome 
Catheter-induced thrombosis 


[6-9]. In some cases NTOS may be combined 
with cervical spine radiculopathy or additional 
peripheral nerve compression disorders (e.g., car- 
pal tunnel, cubital canal, and/or radial canal syn- 
dromes), to produce what has been termed the 
“double-crush” phenomenon [10-13]. NTOS may 
also be part of a regional pain syndrome with mul- 
tiple simultaneous sources of pain generation 
(e.g., shoulder dysfunction, fibromyalgia), or it 
may co-exist with complex regional pain syn- 
drome (CRPS), with or without a sympathetic- 
mediated component [14-17]. 

In the presence of a congenital cervical rib, 
some patients with NTOS present with weakness, 
overt electrophysiological abnormalities and the- 
nar or hypothenar muscle atrophy (‘“‘Gilliatt- 
Sumner hand”) [18, 19]. Although this clinical 
presentation has been termed “true” NTOS, these 
findings may simply represent an advanced form 
of NTOS with longstanding and possibly irre- 
trievable nerve injury. In contrast, most patients 
with NTOS exhibit varying degrees of sensory 
symptoms with no hand muscle weakness or 
atrophy, and normal or non-specific findings on 
conventional electrophysiological testing and/or 
imaging studies. These individuals are identified 
primarily through comprehensive clinical diag- 
nosis and the exclusion of other conditions. 
Because there remain no validated objective tests 
by which to definitively establish the diagnosis of 
brachial plexus compression in such patients, 
these individuals are often considered to have 
“non-specific” or “disputed” NTOS. Such modi- 
fying terms for NTOS have not been found to be 
particularly helpful, either in understanding the 
condition or in clinical evaluation and manage- 
ment, and have been largely discarded by most 
investigators. 


Nerve sheath neoplasm 
Primary thrombosis 


Pancoast tumor 
Arterial embolism 


NTOS is clinically important because when 
unrecognized and/or inadequately treated, it can 
cause chronic pain syndromes and/or long-term 
restrictions in use of the upper extremities, and 
because it produces substantial disability in rela- 
tively young, active, and otherwise healthy indi- 
viduals in the prime of working life. Accurate 
diagnosis of NTOS remains a significant challenge 
in clinical practice, yet properly identified patients 
can respond quite well to treatment. The various 
methods used in the diagnosis and treatment of 
NTOS are more specifically discussed in Chap. 7, 
“Clinical Presentation of Patients with NTOS.” 





Differential Diagnosis 


Because the symptoms, diagnosis and manage- 
ment of NTOS often overlap with other upper 
extremity neurological and musculoskeletal dis- 
orders, this condition is associated with a particu- 
larly broad differential diagnosis (Table 21.1). 
Indeed, many unresolved issues surrounding 
NTOS revolve around defining the most accurate 
clinical criteria to differentiate this condition 
from other cervical-brachial syndromes and the 
optimal means to select patients for different 
forms of treatment. The diagnosis of NTOS 
depends upon clinical suspicion and pattern-rec- 
ognition based on the history, description of 
symptoms, and targeted physical examination, 
along with the exclusion of more common condi- 
tions that have overlapping features. In most 
patients a provisional diagnosis of NTOS can be 
made or excluded on this basis. There has been a 
longstanding effort to establish testing proce- 
dures that can improve diagnostic accuracy and/ 
or better predict outcomes of treatment, including 
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various forms of soft tissue imaging [20-25], 
advances in electrophysiologic testing [26-29], 
the application of selective scalene and pectoralis 
muscle blocks, and ongoing refinement of clini- 
cal criteria [30, 31]. Although such tests and 
studies may be of value, both in excluding other 
conditions and in supporting the suspected diag- 
nosis, with the exception of scalene/pectoralis 
muscle blocks, no single test is entirely specific 
for NTOS. 


Initial Development of Consensus- 
Based Diagnostic Criteria 


Comparisons of outcome for the treatment of 
NTOS are limited by the diverse diagnostic 
criteria used in various publications and a cor- 
responding lack of uniformity in the patient 
populations represented. To help address this 
issue, the Consortium for Outcomes Research 
and Education on Thoracic Outlet Syndrome 
(CORE-TOS) was formed several years ago as 
a multidisciplinary effort to facilitate compar- 
ative-effectiveness research. One of the first 
tasks undertaken by the CORE-TOS group was 
to begin establishing a consensus-driven set of 
defined diagnostic criteria for NTOS. This was 
addressed utilizing a Delphi process approach, 
a group-consensus strategy that has been widely 
utilized in other specialties of medicine [32-35]. 

The Delphi method refers to a step-wise pro- 
cess by which an expert group reaches consensus 
on a given set of criteria for predicting a particular 
outcome. The main characteristics of the process 
are as follows: (1) A panel or group of experts is 
selected for their experience or opinions regard- 
ing the topic under study; (2) A facilitator is 
selected that facilitates, and receives the results of 
each survey in the initial and all subsequent steps, 
and processes the information received in each 
iteration and filters out irrelevant content; (3) An 
initial step intended to identify a set of features to 
be considered as potentially relevant to the topic 
under study; (4) A second step in which each 
member rates each of the selected features with 
regard to its frequency in individuals with the 
condition under study (diagnostic sensitivity) and 


its frequency in individuals without the condition 
under study (reverse diagnostic specificity), with 
the ratings of each member of the group submit- 
ted to the facilitator along with any appropriate 
comments and criticisms explaining the rating, 
then having these ratings and comments collated 
by the facilitator in an anonymous manner and 
redistributed to members for further consider- 
ation; (5) A third step in which each member is 
asked to re-evaluate their previous ratings for each 
feature in light of the results submitted by other 
group members and the group as a whole, as well 
as the anonymous comments submitted by other 
group members, with each member encouraged to 
make modifications in their ratings, which are 
then resubmitted to the facilitator and collated in 
an anonymous manner and common and 
conflicting viewpoints continue to be elucidated; 
and (6) Repeat of steps 4 and 5 at least once more 
and perhaps more often, as needed, in order to 
reach a consensus where possible and to identify 
features for which clear consensus cannot be 
reached. The step-wise process inherent in the 
Delphi approach allows each group member to 
modify their responses based on the additional 
information received during each iteration of rat- 
ing and commentary by the group. Maintaining 
the anonymity of ratings and responses helps to 
limit potential domination of the process by a few 
individuals, allows each group member equal 
opportunity to articulate opinion, promotes free 
expression of opinion and open critique, and 
encourages members to identify errors and cor- 
rect their earlier judgments. These are some of the 
ways that the Delphi method helps overcome 
common problems in group dynamics and con- 
building, separating it from other 
methodologies. 

A panel of 12 experienced clinicians with 
expertise in the care of patients with NTOS par- 
ticipated in the survey process, initially develop- 
ing a broad list of 223 clinical features considered 
to be potentially important in establishing a diag- 
nosis of NTOS. This included features principally 
related to (a) clinical history, (b) description of 
symptoms, (c) physical examination findings, 
and (d) tests and studies. The data elements also 
included clinical features associated with poor 
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Round 1 


Features valued in 
diagnosis of nTOS 


Round 2 


Features valued in 
diagnosis of nTOS 


[] Total # of features assessed 
| # Features valued by < 50 % or with avg score < 50 % 


Features valued by > 50 % or with avg score > 50 % 


HE History HE Physical exam 


[HE Symptoms = [I] Tests and studies 


Fig.21.1 Delphi process for diagnostic criteria of NTOS. 
The results of the first four rounds of the Delphi process 
are shown. Rounds | and 2 were qualitative surveys to 


clinical outcomes of treatment in patients with 
NTOS in previous studies, particularly signs and 
symptoms of depression, fibromyalgia, complex 
regional pain syndrome, peripheral nerve com- 
pression syndromes, and coexisting musculosk- 
eletal disorders [30, 31]. 

In the first round of the Delphi survey, 162 of 
the initial 223 features were considered to be of 
potential diagnostic value by >50 % of the evalu- 
ators (Fig. 21.1). These features were then 
modified and/or consolidated during the feed- 
back/discussion phase and additional features 
were added for more specificity. In a second 
round of survey evaluation the consensus panel 
evaluated 242 features, of which 183 were con- 
sidered to be of potential value by >50 % of eval- 
uators. In a third survey round, panel members 
were asked to score each of the identified features 
with respect to: (1) the “proportion of patients 
with a cervical-brachial syndrome attributed to 
NTOS that would be expected to exhibit that fea- 
ture” (diagnostic sensitivity), and (2) the “pro- 
portion of patients with a cervical-brachial 
syndrome not attributed to NTOS that would be 
expected to exhibit that feature” (reverse diagnostic 
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identify features considered of value in diagnosis; rounds 
3 and 4 were quantitative surveys to estimate sensitivity 
and specificity of features in diagnosis 


specificity). Following analysis of the results and an 
additional feedback/discussion phase, the list of 
diagnostic features was consolidated to 62 that 
appeared to exhibit the greatest estimated diagnostic 
sensitivity, specificity, and accuracy (Table 21.2) [36]. 





Second-Stage Consensus-Based 
Diagnostic Criteria 


While the initial consolidated list of diagnostic 
features provided some insight into the items 
upon which the expert panel reached greatest 
consensus, the main limitation of this stage was 
the absence of information about the relative 
“weights” that would be placed on different items 
in arriving at a clinical diagnosis. To define more 
valid consensus-based diagnostic criteria for 
NTOS, the expert panel next re-evaluated the 
series of items derived from the previous work 
with respect to the relative importance of each 
item in making a clinical diagnosis of NTOS, 
seeking to assess which items carried the greatest 
analytical strength as consensus-derived criteria. 
This approach was modeled after the survey 


21 Development of Consensus-Based Diagnostic Criteria for NTOS 





























Table 21.2 Initial consensus-based diagnostic criteria for NTOS 


Type and description of feature 

Clinical history 

Symptoms not explained by other condition 

Symptoms worsened by work 

History of neck/arm injury (all types) 

Repetitive strain injury 

Age 15-35 years 

Symptoms worse/minimally improved with conservative Rx 
Substantial improvement with conservative Rx for TOS 
History of cervical rib 

Performance music or sports, arm overhead/weights 
History of peripheral nerve surgery (median, ulnar) 
History of previous treatment or surgery for TOS 
History of clavicle or first rib fracture 

Symptoms 

Paresthesias in digits 4 and 5 

Complaint of hand/digit numbness 

Symptom exacerbation with daily activities or work 
Symptom exacerbation with arm use especially overhead 
Pain interferes with sleep 

Paresthesias radiate in ulnar distribution 

Pain in neck, upper back, shoulder, and/or arm 
Complaint of weakness in arm or hand 

Paresthesias radiate from supraclavicular space 
Headache occipital 

Pain in hand/digits especially with arm use 

Complaint of hand/digit swelling or coldness 
Paresthesias in hand and/or all digits 

Complaint of neck swelling 

Physical examination 

Tenderness/pain on palpation scalene triangle 

Upper limb tension test reproduces symptoms 
Tenderness/pain on palpation >1 areas 

Hand/digit paresthesias on passive arm elevation 

Head tilt/neck rotation reproduces symptoms contra only 
Palpable muscle spasm scalene triangle 

Hand/digit paresthesias on palpation scalene triangle 
Tinel’s supraclavicular 

Head tilt/neck rotation reproduces Sx ipsilateral only 
Postural abnormalities (e.g., slumped head-forward) 
Tenderness/pain on palpation pectoralis minor 

3-Min EAST unable to complete or moderate symptoms 
1-Min EAST unable to complete 

Radial pulse ablated or diminished on arm elevation 
Palpable muscle spasm pectoralis and/or trapezius 

Pale hand upon arm elevation 

Diminished sensation in hand/digits esp. digits 4/5 
Hand/digit paresthesias on palpation pec minor 


+NTOS % 


100 
90 
80 
78 
710 
58 
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Table 21.2 (continued) 


Type and description of feature 

Weakness of handgrip, intrinsic muscles or digit 5 
Pain-limited ROM neck, shoulder, or arm 
Tenderness/pain SCM, ant chest, rhomboid, or trap 
Visible arm swelling, cyanosis, distended subcut veins 
Hyperalgesia/allodynia neck 

Palpable supraclavicular mass 

Digital ischemia, ulceration, emboli, or Raynaud’s 
Thenar or hypothenar atrophy 

Radial, brachial, or axillary pulse not palpable at rest 
Indwelling subclavian vein access, past or present 

Tests and studies 

Cervical imaging: Normal C-spine 

Scalene muscle block moderate or dramatic improvement 
Vascular lab: Diminished arterial pressures arm elevation 
Venogram: Subclavian vein stenosis and/or thrombosis 
Cervical imaging: Cervical rib or wide C7 affected side 
Abnormal EMG/NC studies: Brachial plexus 
Arteriogram: Subclavian artery aneurysm and/or stenosis 
Vascular lab: Axillary-subclavian vein thrombosis 


R.W. Thompson 


+NTOS % -NTOS % 
44 18 
33 33 
29 21 
9 4 
8 5 
5 2 
4 2 
4 5 
2 1 
1 3 
80 50 
79 3 
72 21 
34 15 
13 1 
8 5 
5 1 
5 0 


Using a Delphi process, each of 118 potential diagnostic features of NTOS were rated by an expert panel with regard to 
diagnostic sensitivity (+NTOS, the estimated percent of patients with NTOS that would exhibit the feature listed) and 
specificity (-NTOS, the estimated percent of patients without NTOS that would exhibit the feature listed). Data shown indi- 
cate the mean ratings for the entire 12-member panel of evaluators, for the 62 features exhibiting the highest rankings. 
Unpublished data from the Consortium for Outcomes Research and Education on Thoracic Outlet Syndrome (CORE-TOS) 


construction and statistical analysis of Delphi- 
based survey results that has been used by Graham 
and Wright, in developing criteria for the diagno- 
sis of carpal tunnel syndrome [32, 37, 38]. 


Survey Construction 


For this purposes of this last survey, the diagnosis 
of neurogenic TOS was considered to represent 
symptoms caused by brachial plexus compres- 
sion at the level of the scalene triangle and/or the 
subcoracoid (pectoralis minor) space. The diag- 
nosis was also considered to represent a clinically 
significant condition that would warrant treat- 
ment, but without specifying the treatment that 
might be recommended. In addition, efforts were 
made to focus primarily on those items most 
important in establishing the diagnosis, rather 
than items that might be used principally in eval- 
uating the severity of symptoms, degree of dis- 
ability, prognosis, type of treatment to be 


recommended, or the likelihood of response to 
treatment. Finally, the items considered were pri- 
marily those that would be potentially important 
(or not important) in reaching a diagnosis based 
on clinical features (patient characteristics, his- 
tory, previous treatment, symptoms and physical 
examination), rather than the results of any 
specific tests or studies, but did include items 
referring to previous or current diagnoses, treat- 
ments, and test results. Additional items were 
included to indicate potential tests and studies to 
be performed beyond the clinical evaluation, in 
order to identify those considered important (or 
not important) in reaching a more definitive diag- 
nosis of neurogenic TOS. 

The survey instrument consisted of 194 items, 
with 118 related to clinical diagnosis (23 history, 
40 symptoms, 55 examination), 60 related to 
previous tests, diagnoses, and treatments (30, 12, 
and 18, respectively), and 16 describing poten- 
tial tests/studies to be performed. Panel members 
were asked to rate the importance of each item 
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Item 1361 _ History: Symptoms began after automobile collision 


Item 2297 Previous tests: EMG/NCS = Mild carpal tunnel syndrome 





ONTOos (@)NTOS 
LI 1 I LI 1 1 1 1 i 1 
Ss 3-2 0 7 2 3 4 5 
Extremely Completely Extremely 
important unimportant important 


Clarification: The type of injury, diagnostic tests, or any treatment provided is not otherwise specified. The 
interval between injury and the onset of the current symptoms is not otherwise specified 





Item 2153 History: Age 15-35 years 
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Extremely Completely Extremely 
important unimportant important 


Item 1362 Symptoms: Headache frontal 





(-) NTOS (+) NTOS 
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Extremely Completely Extremely 
important unimportant important 
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important unimportant important 


Clarification: Refers to the side of the current symptoms. Decreased nerve conduction velocity and/or 
amplitude, median nerve at the wrist. The magnitude or proportion of symptoms attributed to this previous 
test result and any treatment recommendations based on this test result are not otherwise specified 





Item 2547 Previous Rx: Physical Rx for neck/shoulder, symptoms not improved 
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Extremely Completely Extremely 
important unimportant important 


Clarification: Refers to the side of the current symptoms. Previous treatment was directed toward a neck 
and/or shoulder disorder, but the type of previous treatment is not otherwise specified. The previous 
treatment was considered to have addressed the abnormality for which the therapy was performed. The 
interval between the previous treatment and the current evaluation is not otherwise specified 





Item 2056 Examination: Local tenderness/pain on palpation over scalene triangle 
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Item 2736 Symptoms: Paresthesias radiating from supraclavicular space 


Item 2056 Examination: Spurling's test positive 





Clarification: Distribution of paresthesias not otherwise specified 





Item 2100 Symptoms: Pain in neck, upper back, shoulder, and/or upper arm 








() NTOS GYNTOS 
I 1 | i 1 1 1 1 ! J 
5 + 3 2 -1 0 i 2 3 4 5 
Extremely Completely Extremely 
important unimportant important 


Item 3510 Previous tests: Arterial pressure waveforms = Diminished with arm elevation 
(@) NTOS 
! 





0 5 
Extremely Completely Extremely 
important unimportant important 


Clarification: Refers to the side of the current symptoms. The previous test was considered to have been 








technically successful. The magnitude or proportion of symptoms attributed to this previous test result and 
any treatment recommendations based on this test result are not otherwise specified 


Fig. 21.2 Consensus survey of diagnostic criteria for 
NTOS. After identification of 178 features considered of 
potential value in the diagnosis of NTOS, a survey ques- 
tionnaire was submitted to a 12-member expert consensus 
panel. Each panel member scored the diagnostic impor- 
tance of each feature using an | 1-point visual analog scale, 


in reaching (positive) or excluding (negative) a 
clinical diagnosis of NTOS, using an 11-point 
horizontal visual analog scale (VAS), which 
ranged from a negative “extremely important” 
(—5.0), to neutral “completely unimportant” 
(0.0), to a positive “extremely important” (+5.0). 
The instructions reiterated that panel members 
should imagine how important a given item 
might be in helping reach a diagnosis of NTOS 
during a typical clinical evaluation in the office. 
It was indicated that items rated as extremely 
important should be those that one would require 
to be present in order to exclude or make a diag- 
nosis of NTOS, whereas items rated as com- 
pletely unimportant should be those that make 
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Clarification: Refers to the side of the current symptoms. Spurling’s test is performed by having the patient 
extend the neck and rotate the head toward the side of their pain. The test is positive if pain is exacerbated 
by this position. Spurling’s test is often performed in evaluation of cervical spine disease 





Item 1867 Examination: Positive 3-Min EAST 


GNTOS 
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Clarification: EAST = Elevsted arm stress test. Performed by having the patient place both arms in the 
elevated “surrender” position, then repetitively open and close the fists. A positive test is when the patient 
has reproduction of their characteristic upper extremity symptoms and has to discontinue the exam within 
the specified time period. A negative test is when the patient is able to complete the test for the specified 
time period. The 3-min EAST is often performed in evaluation of thoracic outlet syndrome 





Item 1560 Examination: Hand or digit paresthesias on passive arm elevation 
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Clarification: Distribution of paresthesias is not otherwise specified 


ranging from —5 to +5. Several examples of the questions 
used in the survey instrument are shown (there were 23 
items related to clinical history, 40 items related to symp- 
toms, 12 items related to previous diagnoses, 18 items 
related to previous treatments, 30 items related to previous 
tests, and 55 items related to physical examination) 


no difference in one’s assessment of a patient for 
this diagnosis. Items that might help support or 
exclude a diagnosis of NTOS, but not consid- 
ered essential, were expected to be rated at some 
relative level of intermediate importance. It was 
emphasized that although a given item might 
be frequently observed in patients with NTOS, 
that item may or may not be important in actu- 
ally making a diagnosis. Similarly, a given item 
may indicate a certain magnitude of symptoms, 
extent of disability, or likelihood of responsive- 
ness to treatment, but may or may not be impor- 
tant in reaching a clinical diagnosis. Several 
examples of the survey questions are illustrated 
in Fig. 21.2. 
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Table 21.3 Diagnostic criteria for NTOS, items of greatest diagnostic importance, subcategories related to clinical 


diagnosis 

Rank Item description Mean+SD Variance 
1 Local tenderness/pain on palpation scalene triangle 4.5+0.7 0.47 
2 Hand/digit paresthesias on palpation scalene triangle 4.2+0.8 0.72 
3 Known presence of a cervical rib 4.1+1.0 1.04 
4 Symptom exacerbation with overhead arm use 4.1+0.8 0.59 
5 Thenar or hypothenar atrophy 4.0+1.5 2.15 
6 Positive Tinel’s supraclavicular 4.0+1.0 1.01 
7 Weakness of handgrip, intrinsic muscles or digit 5 3:3821,3 1.60 
8 Diminished sensation in digits 4 and 5 3:3 41:3 1.63 
9 Paresthesias in digits 4 and 5 3.8+1.0 0.99 
10 Repetitive strain activities 3.7+0.8 0.70 
11 Paresthesias radiating from supraclavicular space 3.6+1.6 2.46 
12 Positive 1-min EAST 3.6+1.6 2.60 
13 Paresthesias radiating in ulnar distribution 3.521,3 1.74 
14 Symptoms exacerbated by driving 3.5+0.9 0.74 
15 Paresthesias radiating through arm to hand 3.4+1.1 1.15 
16 Hand and/or digit paresthesias on palpation pec minor 3.4+1.6 2:53 
17 Hand or digit paresthesias on passive arm elevation 3441.7 3.00 
18 Complaint of weakness in hand, clumsiness 3.34+1.2 1.52 
19 Palpable muscle spasm scalene triangle 3.341.4 1.84 
20 Previous ipsilateral clavicle or first rib fracture 3.3+1.4 1.98 
21 Complaint of weakness in arm or hand 3.221,1 1.28 
22 Symptoms began after injury at work/change in activity 3.221,1 1.28 
23 Positive upper limb tension test 3.2+1.6 2.68 
24 Symptoms are exacerbated by work-related activities 32%1,2 1.42 
25 Occupation or recreation, overhead sports 3.11.3 1.78 
26 Complaint of hand and/or digit numbness 3.142.2 4.69 
27 Local tenderness/pain on palpation pectoralis minor 3.0+1.4 1.87 
118 Negative 3-min EAST -3.24+2.0 3.81 


The importance of each feature related to Clinical Diagnosis of NTOS (n=118) was scored using an 11-point visual 
analog scale (VAS), ranging from —5 to +5. Items were ranked by the mean score for the entire 12-member expert panel, 
with the data shown including the standard deviation and variance. There was a high degree of consistency in scoring 
by the overall panel (Cronbach’s alpha=0.901), indicating a high degree of consensus. Unpublished data from the 
Consortium for Outcomes Research and Education on Thoracic Outlet Syndrome (CORE-TOS) 


Results and Analysis 


There was excellent overall group consensus for 
the 118 items related to “Clinical Diagnosis”, 
with an overall value for Cronbach’s alpha, a mea- 
sure of internal test consistency, of 0.901. There 
were 27 items (23 %) considered of great diag- 
nostic importance (mean score > +3.00 or <—3.00), 
32 items (27 %) considered of intermediate impor- 
tance, and 57 items (48 %) considered unlikely to 
be important (mean score between —2.00 and 
+2.00). There were 71 items (60 %) with a group 


variance greater than 2.0, and the correlations for 
individual panelists and the group ranged from 
0.553 to 0.886. The items considered of greatest 
diagnostic importance are summarized in 
Table 21.3 and those considered of no diagnostic 
importance are listed in Table 21.4. 

For the 60 items related to “Previous Tests, 
Diagnoses, and Treatments”, there was relatively 
low overall group consensus with a Cronbach’s 
alpha of only 0.629. There were 13 items (22 %) 
considered of great diagnostic importance, 9 
items (15 %) considered of intermediate importance, 
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Table 21.4 Diagnostic criteria for NTOS, items of no diagnostic importance, subcategories related to clinical 


diagnosis 

Rank Item description Mean+SD Variance 
76 2-point fingertip discrimination diminished (>5 mm) 0.9+1.6 2.53 
77 Symptoms began after chiropractic manipulation, neck 0.9+2.1 4.22 
78 Hyperalgesia/allodynia anterolateral neck 0.8+1.8 3.21 
719 Radial, brachial, or axillary pulses not palpable at rest 0.8+2.7 7.54 
80 Palpable muscle spasm pectoralis major and/or trapezius 0.6+2.7 7.05 
81 Phalen’s sign negative 0.6+ 1.6 2.45 
82 Axial compression/traction test negative 0.6+2.0 3.96 
83 Digital ischemia, ulceration, or emboli 0.543.9 15.10 
84 Arm swelling, cyanosis, or distended subcutaneous veins 0.5+3.1 9.34 
85 Pain in upper back or neck, midline 0.3+2.0 4.07 
86 Normal hand color upon arm elevation 0.3+1.0 1.01 
87 Upper extremity deep tendon reflexes normal 0.3+0.6 0.37 
88 Local tenderness/pain on palpation over rhomboid muscles 0.2+1.9 3.72 
89 Obesity 0.2+0.4 0.17 
90 Hyperalgesia/allodynia entire upper extremity 0.0+2.5 6.24 
91 2-point fingertip discrimination normal 0.0+0.3 0.12 
92 Radiating pain in extensor forearm, not proximal to elbow —0.3+2.4 5.73 
93 Diminished sensation in digits 1, 2 and 3 —0.342.9 8.19 
94 Symptoms present for<6 weeks —0.341.7 2.87 
95 Positive Tinel’s test ulnar nerve at elbow —0.4+2.1 4.28 
96 Headache frontal —0.5+1.6 2.57 
97 Indwelling subclavian vein access, past or present —0.5+2.0 3.98 
98 Relief of symptoms by shaking hand —0.6+1.9 3.69 
99 Normal ROM neck, shoulder, and arm -0.741.8 3.34 
100 Head tilt/neck rotation reproduces ipsilateral symptoms —0.7+2.4 5.54 
101 Normal arterial pulses in all arm positions —0.8+1.0 0.96 
102 Paresthesias radiating proximally from hand —0.8+2.5 6.38 
103 Age>50 years —0.9+1.1 1.20 
104 Upper extremity deep tendon reflexes abnormal —0.9+1.9 3.74 
105 Positive Tinel’s test median nerve at wrist —0.9+2.2 4.73 


The importance of each feature related to Clinical Diagnosis of NTOS (n=118) was scored using an 11-point visual 
analog scale (VAS), ranging from —5 to +5. Items were ranked by the mean score for the entire 12-member expert panel, 
with the data shown including the standard deviation and variance. There was a high degree of consistency in scoring 
by the overall panel (Cronbach’s alpha=0.901), indicating a high degree of consensus. Unpublished data from the 
Consortium for Outcomes Research and Education on Thoracic Outlet Syndrome (CORE-TOS) 


and 38 items (63 %) considered unlikely to be 
important. There were 41 items (68 %) with a group 
variance greater than 2.0, and the correlations for 
individual panelists and the group ranged from 0.412 
to 0.888. The items considered of greatest diagnostic 
importance are summarized in Table 21.5. 

For 16 items related to “Tests to be Performed”, 
there were four items (25 %) considered of great 
diagnostic importance: “Anterior Scalene/ 
Pectoralis Minor Anesthetic Muscle Block” 


(mean score +3.34), “Assess Response to Physical 
Therapy for NTOS” (mean score +3.28), 
“Cervical Spine Radiographs” (mean score 
+3.24), and “Chest X-Ray” (mean score +3.03). 
All 12 other items, including “Upper Extremity 
Arterial Doppler Studies” (mean score +1.70), 
were considered unlikely to be important. In this 
subset of items there were 15 (94 %) with a group 
variance greater than 2.0, indicating a wide spec- 
trum of opinion. 
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Table 21.5 Diagnostic criteria for NTOS, items of greatest diagnostic importance, subcategories related to previous 


tests, diagnoses, and treatments 


Rank Item description Mean+SD Variance 
1 Anterior scalene muscle block = significant improvement 4.2+1.5 2.12 
2 Cervical radiographs = cervical rib or wide C7 process 4.141.2 1.36 
3 Combined ASM/PM muscle block = significant improvement 4.0+1.5 2.24 
4 Pectoralis minor muscle block= significant improvement 3.9+1.6 2.39 
5 Contralateral surgery for NTOS, symptoms improved 3.7+1.5 2412 
6 Physical Rx for NTOS, symptoms improved 3.6+1.4 2.02 
7 EMG/NCS including MAC=abnormal MAC 3.4+1.8 3.11 
8 Ipsilateral surgery for NTOS, symptoms improved 3.44+1.9 3.49 
9 EMG/NCS: Abnormal for brachial plexus 3.3+1.6 213 
10 Ipsilateral pectoralis minor tenotomy, symptoms improved 3.2+1.5 2.25 
11 Upper extremity arteriogram = subclavian artery aneurysm 3.0+3.2 10.12 
59 Ipsilateral surgery for NTOS, symptoms not improved 3.1413 1.75 
60 Combined ASM/PM muscle block=no improvement —3.241.5 2.37 


The importance of each feature related to Previous Tests, Diagnoses, and Treatments with regard to the diagnosis of 
NTOS (n=60) was scored using an 1 1-point visual analog scale (VAS), ranging from —5 to +5. Items were ranked by 
the mean score for the entire 12-member expert panel, with the data shown including the standard deviation and vari- 
ance. There was a relatively low degree of consistency in scoring by the overall panel (Cronbach’s alpha=0.629), 
indicating a lack of consensus. Unpublished data from the Consortium for Outcomes Research and Education on 


Thoracic Outlet Syndrome (CORE-TOS) 


From the results of this last survey, the 28 items 
related to “Clinical Diagnosis” that were rated of 
greatest diagnostic importance were examined to 
identify potential quantitative and qualitative simi- 
larities. These items were then grouped and consoli- 
dated to establish terms that would reflect overlapping 
information from the similarly grouped items. These 
consolidated items indicated a series of 18 new items 
that, taken together, would be expected to capture 
the most important features needed to establish a 
clinical diagnosis of NTOS. These items are sum- 
marized as “provisional CORE-TOS criteria for the 
diagnosis of NTOS” in Table 21.6. 


Future Directions 


Given the provisional set of diagnostic criteria 
for NTOS developed through the Delphi process, 
the next steps in this effort are focused on re-test- 
ing these criteria in a different form of the survey 
process that employs a series of case scenarios. 
These case scenarios are developed in a manner 
that varies the presence or absence of each of the 
individual criteria, with expert evaluators provid- 
ing numerical scores for the likelihood of the 


diagnosis of NTOS on a VAS for each case sce- 
nario. Statistical analysis of the results from this 
survey will be used to establish a logistic regres- 
sion model for predicting the clinical diagnosis 
of NTOS. This statistical model will then be vali- 
dated and tested further in case scenarios and in 
real patient populations. This effort will be sup- 
plemented by use of additional instruments used 
to evaluate the extent of symptoms and disabil- 
ity from NTOS, such as the DASH (Disabilities 
of the Arm, Shoulder, or Hand) [39-41], CBSQ 
(Cervical-Brachial Symptom Questionnaire) 
[30], BPI (Brief Pain Inventory) [42-44], and 
SF-12 (Medical Outcomes Study Short Form-12) 
[45], as well as other outcomes assessed follow- 
ing treatment, including return-to-work [46]. 
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Table 21.6 Provisional CORE-TOS criteria for the clinical diagnosis of NTOS 


Unilateral or bilateral upper extremity symptoms that: 
(1) Extend beyond the distribution of a single cervical nerve root or peripheral nerve 
(2) Have been present for at least 12 weeks 
(3) Have not been satisfactorily explained by another condition, and 
(4) Meet at least one criteria in at least four of the following five categories: 
Principal symptoms 
1A Pain in the neck, upper back, shoulder, arm and/or hand 
1B Numbness, paresthesias, and/or weakness in the arm, hand, or digits 
Symptom characteristics 
2A Pain/paresthesias/weakness exacerbated with elevated arm positions 


2B Pain/paresthesias/weakness exacerbated with prolonged or repetitive arm/hand use, or by prolonged work on a 
keyboard or other repetitive strain 


2C Pain/paresthesias radiate down the arm from the supraclavicular or infraclavicular space 
Clinical history 


3A symptoms began after occupational, recreational, or accidental injury of the head, neck or upper extremity, 
including repetitive upper extremity strain or overuse activity 


3B Previous clavicle or first rib fracture, or known cervical rib(s) 
3C Previous cervical spine or peripheral nerve surgery without sustained improvement 
3D Previous conservative or surgical treatment for TOS 
Physical examination 
4A Local tenderness on palpation over scalene triangle or subcoracoid space 
4B Arm/hand/digit paresthesias on palpation over scalene triangle or subcoracoid space 
4C Weak handgrip, intrinsic muscles or digit 5, or thenar/hypothenar atrophy 
Provocative maneuvers 
5A Positive upper limb tension test (ULTT) 
SB Positive 1- or 3-min elevated arm stress test (EAST) 
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Abstract 

Thoracic outlet syndrome (TOS) is a rare and complex group of disor- 
ders that may cause severe and disabling symptoms, and caring for 
patients with these conditions provides many challenges to health care 
providers. An organized, systematic, approach to the diagnosis and 
treatment of TOS provides an opportunity for specialists to deliver 
patient-centered care and to achieve optimal results with treatment. 
This specialized type of care is best delivered through the efforts of a 
multi-disciplinary team that consists of various specialists, including 
vascular surgery, thoracic surgery, neurology/neurosurgery, orthope- 
dics, radiology, anesthesiology, pain management, physical therapy, 
and occupational therapy. This chapter will focus on the care path for 
managing patients with a diagnosis of neurogenic TOS (NTOS), as 
based on our experience at Washington University/Barnes-Jewish 
Hospital in St. Louis. Evaluation and care of patients with venous and 
arterial forms of TOS are covered elsewhere in this textbook. 


Initial Presentation 
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referred from a variety of sources, including pri- 
mary care physicians, neurologists/neurosur- 
geons, pain management physicians, orthopedic 
surgeons, sports medicine physicians, emergency 
room physicians, physical therapists, occupa- 
tional therapists, and chiropractors. Another 
important route for presentation is patient self- 
referral, prompted by word-of-mouth, local news 
stories, and a rapidly increasing amount of infor- 
mation available on the internet. 

The day of the initial office visit is carefully 
planned in order to provide a thorough review of 
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previous medical records and imaging studies, a 
detailed history, a comprehensive physical exam- 
ination, and a determination regarding the likeli- 
hood of a clinical diagnosis of NTOS. The history 
will include pertinent information regarding the 
onset, duration, and type of symptoms experi- 
enced, the distribution of symptoms, any aggra- 
vating activities or other factors, and a description 
of any previous injury that preceded the onset of 
symptoms. The level of disability produced by 
the symptoms, particularly any interference with 
work-related activities, is carefully assessed. 

The physical examination includes evaluation 
of the range of motion of the neck and upper 
extremity, any tenderness and/or reproduction of 
symptoms upon digital palpation over the supra- 
clavicular (scalene triangle) and/or subcoracoid 
(pectoralis minor tendon) spaces, and screening 
for postural and/or movement abnormalities. 
Evidence for degenerative cervical spine disease 
is sought by localized tenderness, range-of- 
motion of the neck, and physical maneuvers (e.g., 
Spurling’s sign). The cubital and carpal tunnel 
spaces are also palpated for tenderness and repro- 
duction of paresthesias that might reflect ulnar 
and/or median nerve compression syndromes, 
respectively. The radial pulse is evaluated by pal- 
pation at rest as well as in the arm-elevated posi- 
tion to assess for positional ablation of the pulse 
(e.g., the Adson maneuver), taking care to maneu- 
ver the arm slowly in order to avoid vasospasm 
that might lead to inaccurate findings. It is also 
helpful to clarify if the patient’s symptoms are 
aggravated by different degrees of arm elevation, 
and how this may or may not coincide with a 
decrease in the strength of the pulse; positional 
aggravation of arm/hand symptoms when the 
radial pulse is palpable serves to verify that the 
symptoms are not ischemic in nature but more 
likely due to nerve compression. Finally, provoc- 
ative maneuvers specifically designed to assess 
the presence or absence of positional brachial 
plexus compression are an important part of the 
physical examination for NTOS, including the 
Upper Limb Tension Test (ULTT) and the 3-min 
Elevated Arm Stress Test (EAST). 

The diagnosis of NTOS is ultimately estab- 
lished by a series of positive history and physical 
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Table 22.1 Etiology, differential diagnosis, and testing 
for neurogenic TOS 
Etiologic factors contributing to NTOS 


Anatomic variations and anomalies (cervical rib, 
scalene minimus muscle, fibrofascial bands) 


Scalene/pectoralis muscle trauma 

Bony trauma (clavicle fracture, first rib fracture) 
Repetitive motion injury 

Postural abnormalities and motion disturbances 
Stereotypical findings in NTOS 


History of whiplash-type neck trauma, fall on the arm 
or head, or repetitive motion injury 


Symptoms of pain, numbness and tingling from neck to 
hand, typically all fingers 


Symptoms vary day-to-day, consistently exacerbated 
by arm elevation 


Supraclavicular/subcoracoid tenderness to palpation 


Reproduction of symptoms upon supraclavicular/ 
subcoracoid palpation 


Positive upper limb tension test (ULTT) 
Positive 3-min elevated arm stress test (EAST) 
Principal differential diagnoses 


Degenerative cervical spine disease (disc herniation, 
arthropathy, radiculopathy) 


Primary shoulder joint pathology (rotator cuff tear, 
arthropathy, tendonitis) 


Distal entrapment neuropathy (carpal tunnel syndrome, 
cubital canal syndrome) 


Complex regional pain syndrome (CRPS) 
Diagnostic testing in NTOS 

Chest X-ray 

Cervical spine imaging (CT, MRI) 

Shoulder imaging (MRI) 

EMG/NC studies 

Cervical sympathetic block (stellate ganglion) 
Scalene/pectoralis minor muscle block 


exam findings coupled with the exclusion of 
other conditions that might produce similar 
symptoms (Table 22.1) [1-3]. The patient who 
presents with a history and physical examination 
findings that are not consistent with NTOS is 
referred to other specialists for further evalua- 
tion, in order to determine an alternative etiology 
for the symptoms. Additional diagnostic testing 
should be considered including cervical spine 
and shoulder imaging, as well as upper extremity 
electromyography and nerve conduction (EMG/ 
NC) studies. In the absence of NTOS, the results 
of these diagnostic tests may indicate the need 
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Fig. 22.1 Care-path for neurogenic TOS-I. Algorithm for the evaluation and management of patients presenting with 
NTOS, as developed at Washington University/Barnes-Jewish Hospital 


for referral to an appropriate specialist in 
neurology, neurosurgery, orthopedics, and/or 
hand surgery (Fig. 22.1, Box /). 

Once a clinical diagnosis of NTOS has been 
established, the magnitude of symptoms and level 
of disability are assessed to guide further treat- 
ment (Fig. 22.1, Box 2). Patients with mild-to- 
minimal symptoms and disability are directed to 
conservative management for NTOS based pri- 
marily on physical therapy and occupational 
therapy, with the hope that some will achieve 
substantial improvement or at least a stabilization 
of symptoms (Fig. 22.1, Box 4). Patients with 
moderate-to-severe symptoms and disability, par- 
ticularly when interfering with daily activities or 
work, longstanding in duration, and/or worsening 
over time, should undergo further diagnostic test- 
ing to provide support for the clinical diagnosis 
and to indicate the possible responsiveness to 
treatment. 


Anterior Scalene/Pectoralis Minor 
Muscle Blocks 


In the hands of a skilled and experienced interven- 
tionist, use of ultrasound- or fluoroscopically- 
guided anesthetic blocks of the anterior scalene 
and/or pectoralis minor muscles is an important 
component of the care path (Fig. 22.1, Box 3) 
[4, 5]. (See Chap. 27). Depending upon the con- 
stellation of symptoms and physical exam findings, 
a combined anterior scalene muscle and pectoralis 
minor muscle anesthetic block may be performed, 
to ensure that the response is not masked by persis- 
tent brachial plexus compression at one or the 
other location. It may also be appropriate to per- 
form sequential, staged, anesthetic blocks, in 
which the patient will first undergo an isolated 
block of either the anterior scalene muscle or pec- 
toralis minor muscle, followed at another time by 
a combined block or an isolated block of the site 
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not previously tested. This is especially helpful in 
patients considered to have symptoms generated 
by brachial plexus compression at a single loca- 
tion, such as those with predominantly subcora- 
coid symptoms, for whom treatment isolated to 
the pectoralis minor might be considered. As dis- 
cussed in Chap. 20, “Scalene Test Blocks and 
Interventional Techniques in patients with TOS,” 
ideally the patient should be blinded as to the sub- 
stance injected, but this is not always practical. 
The physician and staff directing the evaluation 
for NTOS should re-examine the patient as soon 
as possible following the procedure, in order to 
determine the extent and duration of the response. 
A positive response to an anterior scalene/pecto- 
ralis minor muscle block is achieved when the 
patient experiences a temporary improvement or 
relief of neurogenic symptoms with and without 
provocative maneuvers; this strongly supports the 
clinical diagnosis of NTOS and indicates a high 
likelihood that the patient will respond well to 
treatment, whether through conservative measures 
or surgery. In making this determination it is also 
important to consider that false-positive scalene/ 
pectoralis minor muscle blocks may occasionally 
occur, due to placebo effects and/or examiner 
biases, such that appropriate effort should be 
made to minimize such effects. 

Although anterior scalene/pectoralis minor 
blocks performed with local anesthetic are 
expected to be relatively short-acting (hours), in 
the event of a positive block it may also be rea- 
sonable to offer a similar procedure with injec- 
tion of botulinum toxin to achieve a more durable 
result [6]. The effects of botulinum toxin on sca- 
lene muscle spasm are expected to last only 
2-3 months, but in some cases the reduction in 
nerve irritation may extend to 5—6 months when 
accompanied by secondary scalene muscle atro- 
phy. Because these effects remain temporary and 
do not serve as definitive treatment of the under- 
lying condition, many physicians and patients 
prefer a potentially more durable approach in the 
form of surgical therapy. 

The anterior scalene/pectoralis minor muscle 
block is considered negative if the patient experi- 
ences no relief of symptoms immediately after the 
procedure. While a negative block may be due to 
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technical limitations (incomplete interruption of 
muscle spasm by the amount or location of anes- 
thetic injected), it is important to note that this may 
also occur when spasm in the anterior scalene and/ 
or pectoralis minor muscles is not a prominent 
cause of symptoms: in the presence of a fixed bra- 
chial plexus compression by bony or soft tissue 
anomalies, when there is extensive scalene/pecto- 
ralis muscle fibrosis that precludes responsiveness 
to the anesthetic, when middle scalene or sub- 
clavius muscle spasm make significant contribu- 
tions to nerve irritation, or when there has been 
longstanding neural injury that may not be readily 
alleviated. Thus, a negative response cannot be 
used to exclude the diagnosis of NTOS, but serves 
to lower the likelihood that the patient will have a 
substantial response to treatment. 





Complex Regional Pain 
Syndrome (CRPS) 


Some patients seeking evaluation for NTOS pres- 
ent with symptoms of complex regional pain 
syndrome (CRPS, previously known as reflex 
sympathetic dystrophy), a sympathetic-mediated 
pain syndrome associated with extreme hyper- 
sensitivity to touch (allodynia) and vascular alter- 
ations in the hand (digital vasoconstriction and 
edema). CRPS may occur as an isolated condi- 
tion that mimics some aspects of NTOS, or it 
may occur in conjunction with NTOS as a result 
of severe or longstanding brachial plexus com- 
pression (see Chap. 39). In these situations it has 
been our experience that a cervical sympathetic 
(stellate ganglion) block can be useful in aug- 
menting the clinical diagnosis of CRPS and in 
separating the contribution of CRPS from any 
concomitant symptoms attributable to NTOS. 
Surgical cervical sympathectomy may be an 
appropriate consideration for CRPS in some 
patients, and we have used a positive response to 
stellate ganglion block to guide decision-making 
regarding the use of sympathectomy at the same 
time as thoracic outlet decompression in patients 
undergoing surgery for NTOS [7]. Patients pre- 
senting with isolated CRPS may also be treated 
with serial stellate ganglion blocks and/or surgical 
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sympathectomy; when performed as an isolated 
procedure, cervical sympathectomy can be most 
effectively performed by video-assisted thoraco- 
scopic surgery (VATS). 





Physical Therapy and Occupational 
Therapy Evaluation and Treatment 


Comprehensive evaluation by a physical therapist 
and/or occupational therapist that is experienced in 
the management of patients with NTOS is an essen- 
tial part of the care path, regardless of the magni- 
tude of symptoms or disability (Fig. 22.1, Boxes 4 
and 5) [2, 8, 9]. Patients with mild-to-minimal 
symptoms should undergo an initial evaluation fol- 
lowed by a 6-8 week course of physical therapy 
treatment directed at relaxing and stretching the 
scalene and pectoralis minor muscles, improving 
shoulder girdle mechanics, and correcting postural 
changes. Occupational therapy can provide impor- 
tant additions to treatment, such as changes in 
workplace ergonomics, defined modifications and 
restrictions in upper extremity activity, and guided 
progression in workplace activity once an initial 
improvement in symptom control has been 
achieved. Patients with mild symptoms who 
improve with physical and occupational therapy 
should continue a home exercise program with 
office follow-up as needed. Physical and occupa- 
tional therapy treatment should be repeated if 
symptoms return and/or progress in severity. These 
patients should also be considered for possible re- 
evaluation with more aggressive measures, includ- 
ing diagnostic blocks and surgical decompression. 

Patients presenting with moderate-to-severe 
symptoms should be promptly evaluated by the 
physical and/or occupational therapist to evaluate 
the appropriateness and efficacy of any previous 
therapy that the patient may have undergone, and 
to outline an appropriate treatment plan for the 
presenting situation. An initial course of physical 
and occupational therapy treatment is undertaken, 
under the oversight and supervision by the spe- 
cialist therapist. Patients who have had extensive 
therapy that is considered to have been appropri- 
ate for NTOS, and those in whom symptoms are 
aggravated by physical therapy such that effective 


treatment will not be possible, are referred back 
to the initial treating physician for consideration 
of surgical treatment. Whenever feasible, the ini- 
tial course of therapy should continue for 
6-8 weeks, with oversight by the specialist thera- 
pist if treatment is to be implemented by another 
therapist closer to the place of residence, includ- 
ing frequent communication between therapists 
and physicians as needed. If symptoms appear to 
be improving during this time, physical and occu- 
pational therapy treatment will be continued as 
long as progress is observed at regular follow-up 
evaluations, typically every 6-8 weeks. Muscle 
relaxants, anti-inflammatory agents, and analge- 
sics are also appropriate for patients with moder- 
ate to severe symptoms, particularly to assist with 
the effectiveness of conservative management. 





Surgical Treatment 


Thoracic outlet decompression is appropriate for 
patients who have a sound clinical diagnosis of 
NTOS and have failed to improve with physical 
therapy, particularly for those who have had a 
positive response to an anterior scalene and/or 
pectoralis minor muscle block [2, 10]. Surgical 
options preferred in our institution include pecto- 
ralis minor tenotomy; supraclavicular decom- 
pression with scalenectomy, brachial plexus 
neurolysis and first rib resection; or a combined 
procedure that includes both supraclavicular 
decompression and pectoralis minor tenotomy. In 
other institutions, transaxillary first rib resection 
is the preferred approach to thoracic outlet 
decompression for NTOS, with or without con- 
comitant pectoralis minor tenotomy. It is notable 
that in the past 5 years there has been an increas- 
ing recognition of the role of brachial plexus 
compression at the level of the subcoracoid space 
in NTOS, along with an appreciation that initial 
treatment with an isolated pectoralis minor teno- 
tomy may provide substantial symptom relief 
and greater ability to participate in physical ther- 
apy; thus, we currently favor the use of pectoralis 
minor tenotomy as the initial surgical treatment 
in patients in whom this site is the predominant 
location of neural compression [11]. In contrast, 
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Fig. 22.2 Care-path for neurogenic TOS-II. Algorithm for the evaluation and management of patients that have undergone 
surgery for NTOS, as developed at Washington University/Barnes-Jewish Hospital 


to achieve the most satisfactory results we rec- 
ommend complete supraclavicular decompres- 
sion, with or without concomitant pectoralis 
minor tenotomy, in patients who have evidence 
for substantial brachial plexus compression at the 
level of the scalene triangle. 

Patients undergoing supraclavicular decompres- 
sion for NTOS typically require a 3—5-day hospital 
stay. During the operative procedure, a small-caliber 
multihole catheter is inserted and placed in the sur- 
gical field alongside the brachial plexus, for contin- 
uous postoperative infusion of local anesthetic 
(0.5 % bupivacaine), to assist with post-operative 
pain management. A closed-suction drain is also 
placed in the surgical field to provide drainage of 
surgical fluids away from the area of the brachial 
plexus. During the first 24-48 h, the primary goal of 
care is to achieve good control of postoperative pain 
and anesthesia-related nausea. Once pain has been 
under adequate control utilizing continuous local 
anesthetic infusion and opioid narcotics administered 


by intravenous patient-controlled analgesia (PCA), 
oral pain medications and muscle relaxants are 
started, the PCA is weaned, and the local anesthetic 
infusion device is discontinued (postoperative day 3). 
The patient is seen by an in-patient physical thera- 
pist beginning the day after surgery and provided 
with a series of range-of-motion exercises. Patients 
are discharged once the patient is tolerating a regu- 
lar diet and pain and muscle spasm are sufficiently 
controlled with oral medications. Following hospi- 
tal discharge the patient will undergo close monitor- 
ing and follow-up by the operating surgeon and 
treatment team, including the specialist physical 
therapist that was previously involved in the patient’s 
care. Patients are seen on a regular follow-up sched- 
ule and are cared for on an indefinite basis, in recog- 
nition of the chronic nature of NTOS and the 
potential for later development of recurrent symp- 
toms. Figure 22.2 outlines our current care path for 
the long-term management of patients having 
undergone surgical treatment for NTOS. 
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As noted above, isolated pectoralis minor 
tenotomy is an excellent treatment option in a 
select group of patients who present with symp- 
toms of NTOS. Pectoralis minor tenotomy is a 
short (30 min) procedure that can be safely per- 
formed in the outpatient setting, with the patient 
being discharged home after recovery. We con- 
tinue to prefer use of brief general anesthesia for 
pectoralis minor tenotomy; although intravenous 
sedation and local anesthesia is a feasible alter- 
native, we have found it difficult to perform this 
procedure with a satisfactory level of patient 
comfort with this approach. Medications typi- 
cally prescribed upon discharge home include 
a muscle relaxant and an opioid analgesic, lim- 
ited up to | week from the operative procedure. 
Postoperative activity with the affected arm is 
minimally restricted until office follow-up and 
physical therapy re-evaluation within the first 
2 weeks after surgery, at which time the patient 
is allowed to gradually increase activity. Physical 
therapy follow-up is continued on a long-term 
basis, along with ongoing management by the 
treating surgeon. 


Follow-Up Care 


Long-term management of the patient with NTOS 
requires on-going coordination of care from the 
thoracic outlet center team (Fig. 22.2). With 
proper selection for surgical treatment it is 
expected that approximately 80-90 % of patients 
will experience a substantial improvement in 
symptoms of NTOS within the first 3 months 
after operation. Patients who experience progres- 
sive and sustained improvement in symptoms 
following either conservative care or surgical 
treatment will need to maintain a home exercise 
program and physical therapy intervention as 
needed, and intermittent follow-up is provided on 
an indefinite basis. Patient that have not obtained 
improvement in symptoms following surgical 
treatment are considered to have persistent 
NTOS. In this event the diagnosis is reconsidered 
and additional evaluation for alternative condi- 
tions is carried out. The adequacy of the previous 
operation is also re-evaluated to determine if 





additional surgical options should be considered 
early in the follow-up period. 

Even in patients who have achieved substan- 
tial and sustained improvement in symptoms fol- 
lowing treatment, there will be a small proportion 
that will develop recurrent symptoms over time 
[12, 13]. This typically occurs within 1-2 years 
after primary surgical treatment and is often asso- 
ciated with a secondary injury, which likely 
re-initiates wound-healing responses in the surgi- 
cal field leading to additional scar tissue forma- 
tion in the area of the brachial plexus. Recurrent 
symptoms may also occur following an inappro- 
priate return to workplace activities that involve 
overhead or heavy use of the affected upper 
extremity or extensive repetitive motion, situa- 
tions in which job retraining would have been bet- 
ter advised. Treatment options for recurrent NTOS 
include intensified physical therapy and pharma- 
cologic management, trigger point injections for 
areas of focal muscle spasm, and injection of bot- 
ulinum toxin to selected muscles. Reoperation is 
considered if the diagnosis of recurrent NTOS is 
sound and it is not possible to achieve adequate 
symptom control with conservative measures. In 
this event, operative re-exploration through a 
supraclavicular exposure is preferred, with bra- 
chial plexus neurolysis to remove fibrous scar tis- 
sue and achieve maximal mobility of the nerve 
roots. Any inadequacies of the initial operation 
are also corrected, such as removal of a first rib 
remnant or incompletely resected scalene muscle, 
along with consideration for pectoralis minor ten- 
otomy if appropriate. 

Patients with persistent symptoms of NTOS 
despite the use of maximum medical and surgi- 
cal treatment may need chronic pain manage- 
ment with muscle relaxants, non-narcotic and/or 
narcotic analgesics, additional neurotropic med- 
ications, psychosocial support, and maintenance 
physical therapy. In some cases, additional 
interventional pain management techniques may 
also be appropriate and helpful (e.g., placement 
of a spinal cord stimulator). In addition to the 
other approaches described, patients that remain 
relatively stable but experience a temporary 
“flare” or exacerbation of chronic symptoms 
may benefit from a short-course of treatment 


V.B. Emery and R.W. Thompson 








Neurogenic TOS 
(~50 %) 


1ons 
= 
a 
oO 





(~11 %) 


Total n = 904 








Arterial TOS 


204 


Venous TOS 
(~39 %) 








of operat 


Number 


30 5 24 26 


20 17 17 








166 
103 
95 
1 57 61 
J 36 
31 

1 14 

. All Ae 
1 1 
.o _ eee meee eRe eeeee ee 


1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Calendar year 


Fig. 22.3 Surgical treatment for TOS. Bar graph illustrating the number of operations for all forms of TOS performed 
at Washington University/Barnes-Jewish Hospital, 1992-2010 


with glucocorticosteroids (e.g., methylpredniso- 
lone). Thus, patients with chronic symptoms 
may continue to experience periods of acute 
exacerbations that require on-going manage- 
ment and intervention, interspersed with periods 
of symptom stability and increased function. 





The “Center” Approach to NTOS 


Our experience indicates that patients with NTOS 
achieve excellent clinical and functional out- 
comes when their care is provided through a spe- 
cialized center that utilizes a well-organized, 
multidisciplinary, and comprehensive approach 
to the diagnosis and management of all forms of 


TOS. Several years ago we sought to accomplish 
this in our area by establishing the Center for 
Thoracic Outlet Syndrome at Washington 
University School of Medicine and Barnes- 
Jewish Hospital, located at a large tertiary-care 
academic medical center in a medium-size mid- 
western city. While the first patient with TOS that 
we treated was in 1993, over the next 15 years 
there was a gradual increase in the number of 
patients seen, coinciding with increasing local/ 
regional recognition of our interests in TOS, good 
clinical outcomes, patient satisfaction, and word- 
of-mouth referrals (Fig. 22.3). A “Center” 
approach to TOS was more formally initiated in 
2008-2009, with the additional of a dedicated nurse 
practitioner and medical assistant, a re-focusing of 
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clinical practice to be almost entirely directed 
toward TOS, the inclusion of strong affiliations 
with specific physical and occupational thera- 
pists, pain management physicians, radiologists, 
and others with relevant expertise, and develop- 
ment of an informational website for patients, 
physicians, and practitioners (www.tos.wustl. 
edu). Being located within a large academic med- 
ical center has also allowed easy access to world- 
class consultants in orthopedics, sport medicine, 
neurology/neurosurgery and other areas, as well 
as superb facilities for radiologic and surgical 
procedures and inpatient care. These steps have 
allowed our group to evolve into a highly special- 
ized center of excellence for the care of patients 
with all forms of TOS, in which we currently 
evaluate 7-8 new patients and perform 5-6 surgi- 
cal procedures each week, and maintain a robust 
schedule of long-term follow-up for nearly 1,000 
patients. While approximately 60 % of our 
patients are from the 6-county greater St. Louis 
metropolitan area, 20 % come from elsewhere in 
the adjacent states of Missouri and Illinois and 
another 20 % come from elsewhere in the U.S. 
Important components of our approach have been 
to provide care under the overall direction of a 
single individual with a clinical practice focused 
entirely on TOS and by taking a highly individu- 
alized approach to each patient while maintain- 
ing a broad view of the potential overlapping and 
coexisting diagnoses, to avoid taking a standard- 
ized “protocol-driven” approach for all patients. 
With this ongoing experience the members of our 
multidisciplinary team also meet on a monthly 
basis to provide interdisciplinary updates relevant 
to TOS, to review plans of care for specific 
patients, to discuss recent advances and contro- 
versies in the field, and to plan new educational 
and research initiatives. Through these efforts we 
believe we have been able to provide an orga- 
nized, efficient, thorough and patient-centered 
approach to care of those presenting with neuro- 
genic and other forms of TOS, and to help develop 
successful care-paths and management algo- 
rithms that are focused on achieving excellent 
results for an otherwise extremely challenging 
population of patients. 
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Abstract 

Many, if not most patients with neurogenic thoracic outlet syndrome 
(NTOS) benefit from physical therapy, either as sole treatment or as an 
‘adjunct to surgery. Over the past few decades we have developed a proto- 
col based on our perspective of the etiology and management of a variety 
of types of cumulative trauma disorders (including NTOS) which brings 
together the knowledge, experience and clinical findings to focus on the 
interactions of the structure and function of the human body and how it 
adapts to repetitive trauma whether that trauma is caused by accidents, life 
activities, or disease. The residual impairments and functional disabilities 
that result have factors in common that can be identified and corrected. 
Discussion of findings regarding evaluation and intervention effectiveness 
will be intertwined with specific clinical ideas for managing patients with 
these conditions. A model addressing the behavioral, biomechanical, car- 
diopulmonary and neurological aspects of chronic pain and repetitive 
strain injuries will broaden the traditional role of the orthopedic or neuro- 
logical physical therapist. Further, this model will help to shift the tradi- 


tional role of the physical therapist from a “hands on provider” to an 
educator/coach whose role is to empower the patient to take responsibility 
for improving quality of life. 


Introduction 


Many, if not most patients with neurogenic tho- 
racic outlet syndrome (NTOS) benefit from phys- 
ical therapy, either as sole treatment or as an 
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adjunct to surgery. Over the past few decades we 
have developed a protocol based on our perspec- 
tive of the etiology and management of a variety 
of types of cumulative trauma disorders (includ- 
ing NTOS). It brings together the knowledge, 
experience and clinical findings to focus on the 
interactions of the structure and function of the 
human body and how it adapts to repetitive 
trauma whether that trauma is caused by acci- 
dents, life activities, or disease. 


167 


DOI 10.1007/978- 1-447 1-4366-6_23, © Springer-Verlag London 2013 


168 
The Problem Seen as Loss of Motor 
Control 


Over the past 20 years clinical observations and 
research suggest that following trauma to the cer- 
vical spine and/or thoracic outlet there is a motor 
control imbalance involving spinal and shoulder 
girdle muscular stability. There is also a breathing 
control problem due to accentuating the accessory 
breathing muscles more than the diaphragm [1-— 
8]. Muscles that function primarily as stabilizers 
become hypoactive and muscles that function pri- 
marily as movers become hyperactive. This imbal- 


ance results in a problem of weakness or inhibition 

‘in the deep flexors of one of the ulnar innervated 
thumb flexors in addition to hypoactivity of the 
deep neck flexors, lower fibers of trapezius, ser- 
ratus anterior and the abdominal corset. In tandem 
with this hypoactivity of the stabilizers [9-12], 
there is hyperactivity of the movers of the neck 
and ribs | through 5, including the anterior, mid- 
dle and posterior scalenes, subclavius, pectoralis 
minor, upper trapezius, and levator scapulae. 
Histological analysis of scalene muscles removed 
during thoracic outlet decompression for NTOS 
demonstrates excess scar tissue within the mus- 
cles which results in a loss of flexibility, shorten- 
ing of the muscle, and resultant narrowing of the 
muscular boundaries of the thoracic outlet [13]. 





The Problem Seen as Breathing 
Dysfunction 


Epidemiologic evidence supports a link between 
breathing difficulties and back pain [14]. Since 
trunk muscles perform both postural and breathing 
functions, it is theorized that disruption in one func- 
tion can negatively impact the other. Altered breath- 
ing mechanics can change respiratory chemistry 
and therefore pH, causing smooth muscle constric- 
tion, altered electrolyte balance, and decreased tis- 
sue oxygenation. These changes can profoundly 
impact any body system. Increased excitability in 
the muscular and nervous systems may be most rel- 
evant to a physical therapist. Respiratory function 
can be tested via capnography which measures 
CO, and end tidal CO, (ETCO,), which closely 
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reflects arterial CO, in people with normal cardio- 
pulmonary function. A case series of 29 outpatients 
with neck or back pain who had plateaued with 
manual therapy and exercise were found to have 
low ETCO, [15]. Breathing retraining improved 
ETCO,, pain, and function in all patients, with 
93 % achieving at least a clinically important 
change in either pain or function. 

Many patients present with an accessory ster- 
nal breathing pattern in relaxed inhalation when 
they should be using the diaphragm. This could 
be a function of patterns of stress driven by sym- 
pathetic arousal or inhibition of a deep breath due 
to movement of the brachial plexus during breath- 
ing. The plexus behaves like cords that can be 
pulled or slid from both proximal and distal ends 
depending on the arm and spinal movements. 
Ultrasonography demonstrates that the plexus 
may also be made to bowstring in a cephalad 
direction over the first rib as the rib elevates under 
the plexus during inhalation [16-18]. 





The Problem Seen as Centralized 
Nociceptive Pain 


Nociceptor inputs can trigger a prolonged but 
reversible increase in the excitability and synap- 
tic efficacy of neurons in central nocioceptive 
pathways. This central sensitization manifests as 
pain, hypersensitivity, pressure hyperalgesia, and 
enhanced temporal summation [19, 20]. The clin- 
ical result of such heightened mechano-sensitiv- 
ity is the production of symptoms such as pain 
and paraesthesias with mechanical stresses in the 
nerves induced by normal body movements. 





Conservative Treatment Protocol 


A conservative protocol has been developed to 
correct the breathing dysfunction and core motor 
control dysfunction and calm the hyperesthesia 
of the brachial plexus. This protocol (the Edgelow 


Neuro Vascular Entrapment Syndrome Treatment; 
ENVEST) has been tested over the past 20 years 


in over 2,600 patients with severe neck and arm 
pain originating from the thoracic outlet. 
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Philosophy 


The patient is a partner in the therapeutic process. 
The treatment protocol involves training the patient 
to become skilled in a series of exercises designed 
to reverse the neurovascular and musculoskeletal 
consequences of their injury. The patient is trained 
to recognize patterns of breathing dysfunction and 
through training be able to reset the inhalation to 
diaphragmatic and use exhalation to relax the hyper- 
active scalene, subclavius and pectoralis minor muscles. 


Indications 


ally challenging activity with either self- or peer- 
directed pressure to perform [21]. These latter 
cases can include musicians, professional ath- 
letes and computer workers [22]. 











ENVEST Protocol 


Following evaluation (see Chap. 9) the treatment 
protocol begins with learning to activate the sta- 
bilizers of the neck as well as diaphragmatic 
breathing to relax the scalene muscles. A useful 
mnemonic is ABC: Activate the stabilizer mus- 
cles of the neck and low back, perform Breathing 
training with emphasis on diaphragmatic inhale 
and abdominally assisted exhale, and end with 

Cardiovascular conditioning. 

ACTIVATE the core stabilizers utilizing the 
THINKERS Pose (Fig. 23.1) and use biofeedback 
with a blood pressure cuff (Fig. 23.2) to activate the 
deep neck flexors without activating the scalenes. 
1. Stabilize the neck, scapular and spinal stabi- 

lizers using the THINKER POSE. 

2. Use pressure feedback to retrain the deep neck 
flexors. 

3. Place the pressure device behind the neck. Set 
the pressure to 20 mmHg. NOD yes and raise 
the needle 2 mmHg while exhaling with 
pursed lips and inhale while relaxed at rest. 





Fig. 23.1 The thinkers pose method of performing an 
isometric contraction of the deep neck flexors as a way of 
testing the identified weakness of one thumb adductor 
pollicis or flexor pollicis brevis (deep head). The force of 
the isometric contraction is minimized so as to avoid co- 
contraction of the scalenes. The thumb is again tested for 
strength during the isometric contraction. A strengthening 
response indicates weakness/hypoactivity of the deep 
neck flexors (Courtesy of Peter Edgelow) 


4. Fix the pressure meter to a belt under a kitchen 
chair or clipped to a piece of dowel bridging 
two chairs so you can see it without holding it. 

5. Do this four ways: (a). | nod per exhale, (b). 
Multiple nods per exhale, (c). 1 nod per exhale 
and hold 5 s, (d). | nod per exhale and hold 
10 s. Once you can raise the needle 2 mmHg 
with good control in each of the four methods 
explained above, progress to doing the same 
with 4, 6, 8, and finally 10 mmHg. 

6. Assess the strength of the thumb by using a 
device such as in Fig. 23.3. If there is asymmetry 
between thumbs the weaker thumb should 
become stronger following application of the 
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Fig. 23.2 Training position 
for using a blood pressure 
cuff to supply biofeedback 
for retraining the deep neck 
flexors. Modified from the 
work of G. Jull (Courtesy of 
Peter Edgelow) 





1. Diaphragmatic breathing exercise: Part One 

(Fig. 23.4): 

(a) Instruct the patients to lie on their back on 
the floor without a pillow with knees bent. 
(Note: if they have to use a pillow because of 
neck pain then they should do so. Over time, 
the goal will be to slowly reduce the thick- 
ness of the pillow until they can perform the 
exercise without a pillow.) Support the 
involved extremity in the position of maxi- 
mal comfort. The position of comfort will 
be found by placing the brachial plexus in its 
most tension-free anatomic position. Usually 
a wedge pillow to support the shoulder, with 
the elbow flexed to 90° will relieve tension 
in the neck and be most comfortable. 

(b) Patients should inhale through the nose 
and fill the lower lungs with air. This 
causes the abdomen to rise like a balloon 
filling up with air. 

(c) Patients then breathe out (exhale) through 
pursed lips, as if playing the flute. Exhaling 
should be accomplished by tightening the 
abdominal muscles, which has the effect 
of lowering the rib cage. 

Fig. 23.3. The Thumbometer™ is constructed using a (d) Patients are instructed to continue this 


half ounce eye drop like bottle connected by a piece of rhythm of breathing, in through the nose 
Theratubing to the sphygmomanometer from a standard : 
and out through the mouth, making sure 
manual blood pressure cuff (Courtesy of Peter Edgelow) aa 
that the only motion that occurs is in 





thinkers pose. The activation exercises should not the stomach. This is diaphragmatic 

result in a weakening affect. breathing. 

BREATHING training with emphasis on dia- The patients then adds the following gentle 
phragmatic inhalation and abdominally assisted and relaxed movements of the spine while 


exhalation. keeping their neck and legs relaxed: 
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Fig. 23.4 Diaphragmatic 
breathing exercise — Part one 
(Courtesy of Peter Edgelow) 


Fig. 23.5 Diaphragmatic 
breathing exercise — Part 
two. A rubber ball at the end 
of a wooden dowel is used to 
assist in depressing the first 
rib as the patient flattens the 
spine in conjunction with 
exhalation (Courtesy of 


Peter Edgelow) 
7 . 

(e) Patients are instructed to slowly arch the This gentle motion of the head and neck should 
low back as they inhale, shortening the occur without active contraction of the scalenes. 
spine and causing the chin to nod down The neck muscles should remain relaxed. 
while the neck is relaxed. 2. How to Perform the Diaphragmatic Breathing 

(f) Patients next slowly flatten the low back as Exercise: Part Two (Fig. 23.5): 
they tighten the abdominal muscles and Patients are instructed to breathe as 
exhale, lengthening the spine and causing described in Part one, but they must add the 


the chin to nod back up. rib mobilize (“ball on a stick’). 
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Fig. 23.6 Diaphragmatic breathing exercise — Part three. 
An air bag is partially inflated and used as a fulcrum to 
gently increase spinal extension. The air bag used in this 


(a) Patients place the ball against the base of 
the neck, where the neck and shoulders 
meet. The end of the stick should be rest- 
ing against the wall behind the patient and 
the ball should be resting on the floor. 
The ball assists with the depression of the 
first rib. As patients inhale, they move 
away from the ball; as they exhale, they 
move into the ball. Therefore as they 
exhale with contraction of the abdominal 
corset this pulls the ribs down as the con- 
tact with the ball against the posterior 
aspect of the first rib pushes the rib down. 
3. How to Perform the Diaphragmatic Breathing 
Exercise: Part Three (Fig. 23.6): 
(a) Patients are instructed to breathe as 
described in Part One while resting the 
pelvis on an air bag. 


(b) 


exercise is made by Sealed Air Corp. and is called a Rapid 
Fill™ packaging bag. Dimensions are 14 by 18 in. 
(Courtesy of Peter Edgelow) 


(b) Patients progress with the exercise, as 
they are able to tolerate it while breathing 
with the air bag positioned beneath the 
pelvis, the low back, the mid back, and the 
upper back. 

This process is used to both increase spinal 
extension and help the patient perform an inhala- 
tion without scalene involvement and an exhala- 
tion resulting in relaxation of the accessory 
breathing muscles. 

CARDIOVASCULAR conditioning. This 
consists primarily of aerobic walking three to 
four times a day provided there is no increase in 
pain. The patient is assessed on a treadmill. What 
speed and for how long with or without arm 
swing can they walk without increase in pain? 
Most patients cannot swing the arms without an 
increase in pain. Sometimes the hand will become 
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colder. Slow progression over time resulting in 
increased speed to 3 mph and time to 20 min and 
being able to swing both arms without increased 
symptoms is the goal. 





Treatment Progression 


The initial activate phase of treatment is pro- 
gressed by assessing scapular stability. The pro- 
tocol by Watson is an excellent reference [1]. The 
pressure feedback is used to specifically retrain 
and strengthen the abdominal mechanism. 
Ethafoam rollers and the ball on a stick and the 
gymnastic ball are used to increase spinal and rib 
cage mobility. The gymnastic ball is used to 
improve balance, posture and breathing in sitting. 
Once the nervous system has calmed down and 
there is marked decrease in symptoms the next 
goal is to increase function. When a patient is 
inhibited from doing more because of fear of 
flaring the problem I have them read a book called 
Explain Pain [19]. Walking is progressed using a 
Feldenkrais: Walking Awareness Through 
Movement series of CD’s [23]. For more detail 
one can obtain a DVD and/or refer to previously 
published material [24]. 
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Abstract 

When treating patients with neurogenic thoracic outlet syndrome (NTOS), 
the focus of occupational therapy (OT) is to decrease the impact of symp- 
toms on daily activities, teach proper body mechanics and/or compensa- 
tory positioning, and prevent symptoms from further impacting the patient’s 
life. OT can be used as the primary treatment for NTOS or as a part of the 
postoperative recovery process in patients who have undergone thoracic 
outlet decompression. A key to the alleviation of symptoms and an increase 
in recovery speed is teaching surgical and non-surgical patients to maintain 
appropriate posture while performing everyday activities. Providing the 
patient with information and skills needed regarding the positions that will 
close off the outlet and potentially increase symptoms and pain will aid the 
patient in independence in symptom management. Specific maneuvers 
include the avoidance of compression at the shoulder, side-lying sleep 
position, and the avoidance of prolonged or repetitive overhead arm use. 


Introduction 


When treating patients with neurogenic thoracic 
outlet syndrome (NTOS), the focus of occupa- 
tional therapy (OT) is to decrease the impact of 
symptoms on daily activities, teach body proper 
mechanics and/or compensatory positioning, and 
prevent symptoms from further impacting the 
patient’s life [1]. 
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Treatment Setting 


An occupational therapist’s practice in a multi- 
disciplinary clinic setting can be crucial to patient 
outcomes. This approach involves the collabora- 
tive efforts of the physician, nurse practitioner, 
and occupational therapist to guide the appropri- 
ate level of intervention for each patient. 

The occupational therapist participates in 
assessment of patients by performing examina- 
tions that provide important information for OT 
treatment planning. These tests include an assess- 
ment of function in daily activities, grip and 
pinch testing [2-4], sensory screening [5—7], and 
an evaluation of a patient’s tolerance to periph- 
eral nerve glides [8-12]. This assessment, in 
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conjunction with the standard provocative testing 
for TOS [13, 14], will assist the team in under- 
standing the area of compression, severity of 
symptoms or rule out TOS all together. 

In a specialized outpatient OT clinic, the ther- 
apist is able to be more detailed in their assess- 
ment of patients. This setting may identify 
patients with symptoms of TOS that have not yet 
seen a vascular surgeon; they may have been 
referred from a primary care physician or other 
discipline due to pain or dysfunction in daily 
activities, or job performance [15]. 





Primary Therapy for NTOS 


For selected patients who do not require immedi- 
ate surgery, the team may opt for a trial of OT 
before committing to a surgical approach. The 
goal of this phase of treatment is to “cure” the 
problem or, if this cannot be done, to mitigate 
symptoms and give the patient skills to cope with 
a chronic illness. 

A thorough assessment of the patient will 
include a cervical screen [16-19], assessment of 
posture [12, 20], manual muscle testing, range of 
motion, grip and pinch assessments [3], pain 
assessment, sensory testing [6, 7], the relationship 
of vascular changes to upper extremity position- 
ing [14], assessment of activities of daily living 
(ADL) and instrumental activities of daily living 
(IADL), which are tasks or activities that a patient 
does to maintain independence in the home or 
community, and determination of the patient’s 
goals regarding treatment (Table 24.1). Following 
assessment, the occupational therapist establishes 
a frequency and expected duration of treatment, 
usually 1—2 times per week for 2-3 months. These 
visits are at longer intervals toward the end of the 
protocol to encourage independence in the exer- 
cise program and management of symptoms. If 
symptom management is not obtained in the des- 
ignated time frame, or the patient’s symptoms 
worsen at any point, the patient is referred back to 
the vascular surgeon [15, 21, 22]. 

The main focus of the OT approach to treat- 
ment is education. The patient is provided with 
written material to explain the anatomy of TOS, 
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the structures involved, and how body position 
can exacerbate symptoms. For example, instruc- 
tion may be given to correct slouching shoulders 
that may be worsening symptoms. 

According to the protocol established by the OT 
department at the University of Rochester Medical 
Center, a critical early step is to address strengthen- 
ing of scapular musculature, specifically the scapu- 
lar retractors and depressors (Table 24.2). It is 
frequently noted that patients with TOS will exhibit 
protracted or forward-slouching shoulders. By 
strengthening the scapular retractors and depres- 
sors the shoulder becomes balanced and appropri- 
ate positioning of the shoulder is achieved. Because 
it is thought that restoring the ability of a nerve to 
glide will reduce pain, nerve glides are given within 
the home exercise program (Fig. 24.1), along with 
the scapular musculature strengthening. Walsh 
[23] describes nerve gliding as placing tension on 
the nerve at one point while releasing it at another 
with gliding occurring within the nerve itself or 
between the nerve and its interfacing tissue. The 
patient is instructed to stop before feeling pain 
while performing the nerve glide to avoid exacer- 
bation of symptoms. With each visit the nerve glide 
is repeated and tolerance is documented to deter- 
mine progress in elimination of paresthesias. 

As the scapular muscle strength improves, allow- 
ing the patient to pull the shoulders back, the focus 
may be shifted to pelvic posturing in order to foster 
better overall body mechanics. It is frequently 
observed that correcting pelvic tilt will improve 
upper body posture. To maintain the correct shoul- 
der position, the presence of posterior pelvic tilt (due 
to weak core musculature) must be eliminated. 

Concurrent with the strengthening and nerve 
glide exercises is an ongoing assessment of the 
patients ADL and IADL tasks. The focus at this 
point is on improving positioning while complet- 
ing these tasks, including how objects in the 
patient’s environment and other environmental 
factors may be modified to improve task perfor- 
mance. An intake form is used (Table 24.1) to 
determine problem areas. These areas are simu- 
lated in the clinic with the occupational therapist 
present to modify position to avoid shoulder 
flexion above 90°, abduction above 90° or sus- 
tained overhead position. The same is done for 
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Table 24.1 A sample intake form 
PLEASE RATE THE LEVEL OF DIFFICULTY FOR THE FOLLOWING TASKS 
ACTIVITY RATING NEVER DO 
BATHING NO PROBLEM 1 2 34 CANT DO 
DRESSING NOPROBLEM 1 2 34 CAN'TDO 
GROOMING NOPROBLEM 1 2 34 CAN'TDO 
COOKING NOPROBLEM 1 2 34 CANTDO 
HOUSEWORK NO PROBLEM 1 2 34 CAN’TDO 
WRITING NOPROBLEM 1 2 34 CANTDO 
RECREATIONAL ACTIVITY NO PROBLEM 1 2 34 CAN’TDO 
LIGHT DUTY NO PROBLEM 1 2 34 CAN’TDO 
NORMAL ACTIVITY NO PROBLEM 1 2 34 CAN’TDO 
PLEASE RATE THE AVERAGE DISCOMFORT OR PAIN YOU HAVE HAD IN THE LAST 
WEEK DURING THE FOLLOWING ACTIVITIES: 
WHILE AT REST: DURING 
BATHING/DRESSING/GROOMING 
01 2 3 4 5 6 7 8 9 10/0 1 2 3 4 5 6 7 8 9 10 


NO PAIN = 0 


WORST POSSIBLE PAIN= 10 


NO PAIN =0 WORST POSSIBLE PAIN= 10 





014 2 3 4 
NO PAIN = 0 





WHILE WORKING/IN SCHOOL 
5 6 7 8 9 


10 
WORST POSSIBLE PAIN= 10 





WHILE DOING LEISURE ACTIVITIES 


0 1 2 3 4 #5 6 7 8 9 10 
NO PAIN = 0 WORST POSSIBLE PAIN= 10 








Table 24.2 Muscles that control the scapua 


Scapular protraction 
Serratus anterior 

Pec minor 

Pec major 

Scapular depression 

Pec minor 

Trapezius (lower fibers) 
Subclavius 

Lattisimus dorsi 
Scapular upward rotation 


Trapezius 
Serratus anterior 


Scapular retractors 
Rhomboids 
Trapezius 
Latissimus dorsi 
Scapular elevation 
Levator scapulae 
Trapezius 


Scapular downward 
rotation 


Pec minor 

Pec major 
Subscapularis 
Latissimus dorsi 


the patient’s job tasks. Patients are instructed in 
proper sleep position, on their back, to allow pas- 
sive opening of the thoracic outlet (Fig. 24.2). 

The specific knowledge of the OT in task anal- 
ysis is used here to educate and empower the 
patient to apply the lessons to their daily life. 
Without the patient’s efforts to apply OT strate- 
gies to daily life, therapy will be ineffective. 





Post Operative Treatment 


For patients who need surgical intervention, the 
focus of OT in the acute phase is pain manage- 
ment. The patient is seen post operative day 
(POD) one for the initial assessment. 
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R UNIVERSITY of 


OCHESTER 


MEDICAL CENTER 


OCCUPATIONAL THERAPY 


THORACIC OUTLET SYNDROME 
POST OP HOME EXERCISE PROGRAM 


* POD #1-3 NERVE GLIDES/SCAPULAR STRENGTH 
* ATTEMPT 10 REPETITIONS EVERY HOUR YOU ARE AWAKE 
* STOP JUST BEFORE YOU HAVE AN INCREASE IN SYMPTOMS 
* MAKE NOTE OF THE POSITION NUMBER YOU ENDED ON, TRY TO 
IMPROVE EACH SET OF 10 REPS 
* SQUEEZE SHOULDER BLADES TOGETHER 5 REPETITIONS 
* PRESS SHOULDER BLADES TOWARD FLOOR 5 REPETITIONS 
* POD #4-2 WEEKS POST OP NERVE GLIDES 
* 10 REPETITIONS 3-4 TIMES PER DAY 
* STOP JUST BEFORE YOU HAVE AN INCREASE IN SYMPTOMS 
* NOTE THE POSITION NUMBER YOU ENDED ON TRYING TO IMPROVE 
WITH EACH SET YOU DO 
* SQUEEZE SHOULDER BLADES TOGETHER 10 REPETITIONS 1X/DAY 
* PRESS SHOULDER BLADES TOWARD FLOOR 10 REPETITIONS 1X/DAY 
* AFTER 2 WEEKS POST OP NERVE GLIDES 
* 5 REPETITIONS 3-4 TIMES PER DAY 
* STOP JUST BEFORE YOU HAVE AN INCREASE IN SYMPTOMS 
* NOTING THE POSITION NUMBER AND TRYING TO IMPROVE WITH EACH 
SET 
* SQUEEZE SHOULDER BLADES TOGETHER 10 REPETITIONS 2-3X/DAY 
* PRESS SHOULDER BLADES TOWARD FLOOR 10 REPETITIONS 2-3X/DAY 





Preoperative: Postoperative: 


57 8 &, S 
2 me af eu) Me 
2 eae 2 peal Do med 
1 2 3 : ° $ 
ae) SB =O SS, y AS 
. f- ~ 4f xv f 
4 5 ‘turn thumb 6 4 4 57 6" 


back and down 
move thumb back 
and down 


Hold seconds 


: Hold d 
Repeat times . aii 











Repeat times 


Do ____sessions per day Do sessions per day 





Fig. 24.1 Nerve glide handout used at the University of Rochester 
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Fig. 24.2 Proper positioning 
when supine 


It is helpful for a family member or friend to 
be present at the time of the initial post operative 
visit as the patient may not be unable to remem- 
ber instructions due to the lingering effects of the 
analgesic agents. The patient is given a post oper- 
ative exercise program that starts as soon as they 
can participate and goes through week two post- 
op when they will be seen for their initial assess- 
ment as an outpatient in the Occupational Therapy 
Department. 

The exercise program consists of nerve glides 
(Fig. 24.1), typically of the ulnar nerve, gentle 
active range of motion [12, 24] and scapular mus- 
culature exercises [12, 20] several times per hour 
to assist in edema control. Scapular exercises 
may not be tolerated POD#1, but the patient 
should attempt them daily. The frequency of 
nerve glides and range of motion in the exercise 
program are slowly decreases the as the patient 
approaches the 2-week mark and is using the 
extremity for normal activities. 

The patient is also instructed in appropriate 
position to maintain and open the thoracic outlet 
during the acute stage [12]. It is important to edu- 
cate the nursing staff, as well as the patient, to 
avoid shoulder flexion (raising arm in front of the 
body in the sagittal plane) positioning or range of 
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motion above 90° or any position that “jam” the 
humeral head into the shoulder girdle, i.e. prop- 
ping on multiple pillows while sitting in an arm 
chair (Fig. 24.3). The most effective way to posi- 
tion the arm while in supine is flat on the bed with 
one pillow arm at approximately 45° of shoulder 
abduction (moving arm away from the body in 
the coronal plane) (Fig. 24.2). Educational hand- 
outs are given at this time. 

Aside from the positioning recommendations, 
the patient is restricted to no lifting over five 
pounds for the week after surgery. This is to avoid 
exacerbation of symptoms related to the surgical 
procedure. Patients are encouraged to move freely 
to complete their ADL tasks. The patient is also 
taught scar massage to begin POD#1 around the 
incision site. After the first week post-op, the 
patient is to begin scar massage on the incision 
line. 

Occupational therapists should remind the 
patient that the first 48 h are the most uncomfort- 
able and that following the exercise program will 
improve the pain due to the reduction of post-op 
edema and stiffness. It is also important to note, 
arterial and venous TOS patients recover much 
quicker and have less post-op pain than neuro- 
genic TOS patients. 
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Fig. 24.3 Proper positioning 
when sitting 


Follow up Outpatient OT 


At the 2 week mark, the patient then begins out- 
patient OT for an individualized OT program 
which uses the same protocol referred to in the 
Surgical Prevention section of this chapter as a 
guide. As the patient works his or her way through 
the protocol, the frequency of visits is spaced far- 
ther out to wean OT treatment and allow the 
patient to attempt to manage the symptoms on 
their own. 


Summary 


The key to prevention of symptoms is teaching sur- 
gical and non surgical patients to maintain appro- 
priate posture while performing everyday activities. 
Providing the patient with information and skills 
needed regarding the positions that will close off 
the outlet [12, 15, 21, 22], potentially increase 
symptoms and pain will aid the patient in indepen- 
dence in symptom management. This includes 
avoiding slouching shoulders, side lying sleep 
position and avoidance of prolonged or repetitive 
overhead arm use. If the symptoms increase or 
return the patient is encouraged to contact the ther- 
apist or surgeon to reassess the problem. 
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Chiropractic as defined by the World Federation of Chiropractic is 
“a health profession concerned with the diagnosis, treatment and preven- 
tion of mechanical disorders of the musculoskeletal system, and the effects 
of these disorders on the functions of the nervous system and general 
health. There is an emphasis on manual treatments including spinal adjust- 
ment and other joint and soft-tissue manipulation.” In patients with 
Neurogenic Thoracic Outlet Syndrome [NTOS] there may be mechanical 
compression of neural structures within the brachial plexus at one of sev- 
eral anatomical sites, several of which may be targeted by the techniques 


used in Chiropractic. 


Introduction 


Chiropractic as defined by the World Federation 
of Chiropractic is “‘a health profession concerned 
with the diagnosis, treatment and prevention of 
mechanical disorders of the musculoskeletal sys- 
tem, and the effects of these disorders on the 
functions of the nervous system and general 
health. There is an emphasis on manual treat- 
ments including spinal adjustment and other joint 
and soft-tissue manipulation” [1]. In patients with 
Neurogenic Thoracic Outlet Syndrome [NTOS] 
there may be mechanical compression of neural 
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structures within the brachial plexus at one of six 
anatomical sites. The three most common areas 
of compression are between the scalene muscles; 
in the costoclavicular space; or behind the pecto- 
ralis minor tendon [2, 3]. These areas may be tar- 
geted by the techniques used in Chiropractic. 


The Chiropractic Approach to NTOS 


Chiropractors consider the importance of intercon- 
nectivity so that input upon the nervous system at 
one location may provoke a physiological response 
elsewhere within the nervous system [4-18]. 
Consequently, symptoms may manifest in seem- 
ingly unrelated tissues and organs [4, 6, 7, 9-20]. 
Additionally, it is thought that the proper function 
of the biomechanics of the cervical spine, thoracic 
spine and pectoral girdle are not independent of 
each other, but are each an integral component of 
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Table 25.1 Generic types of chiropractic manipulative 
and adjustive techniques 


A. Manual, articular manipulative, and adjustive 

procedures 

1. Specific contact thrust procedures 
(a) High velocity thrust 
(b) High velocity thrust with recoil 
(c) Low velocity thrust 

2. Nonspecific contact thrust procedures 

3. Manual force, mechanically assisted procedures 
(a) Drop-tables and terminal point adjustive thrust 
(b) Flexion-distraction table adjustment 
(c) Pelvic block adjusting 

4. Mechanical force, manually assisted procedures 
(a) Fixed stylus, compression wave adjustment 
(b) Moving stylus instrument adjustment 


B. Manual, nonarticular manipulative, and 
adjustive procedures 


1. Manual reflex and muscle relaxation procedures 
(a) Muscle energy techniques 
(b) Neurologic reflex techniques 
(c) Myofascial ischemic compression procedures 
(d) Miscellaneous soft tissue techniques 

2. Miscellaneous procedures 
(a) Neural retraining techniques 
(b) Conceptual approaches 


Reprinted from Mootz et al. [27] 


a complex mechanical system [19, 21—23]. This 
holistic approach of re-establishing proper func- 
tion to each joint and its physical communication 
with other related structures [24, 25], as well as 
giving focus to the neurologic innervation by 
removing nerve impingements, is the basis and 
cormerstone of the chiropractic approach to the 
management of many conditions including 
Neurogenic Thoracic Outlet Syndrome [NTOS] 
[1]. Most chiropractic techniques attempt to 
positively influence a patient’s health by cor- 
recting biomechanical dysfunction through a 
chiropractic manipulation known as an adjust- 
ment [26]. The “dynamic thrust” style of adjust- 
ing is the most common method utilized; 
however many other methods are frequently 
used (See Table 25.1). Many chiropractic adjust- 
ing techniques can be administered with very 
little force while others can be slightly more 
aggressive (See Fig. 25.1) [26]. In the treatment 
of NTOS, the chiropractor will attempt to 
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decrease nerve impingement by re-establishing 
normal function of the spine and upper extrem- 
ity joints and musculature through chiropractic 
adjustments. 





Assessment and Treatment 


A chiropractor will complete a standard evalua- 
tion procedure which will include a history, phys- 
ical and regional evaluation of the thoracic outlet 
and shoulder girdle, as well as a specialized 
assessment of the mechanical status of the patient 
[27]. Current research supports that NTOS can 
develop as a cascade of neuromuscular events 
secondarily to faulty posture, ergonomics, trauma 
and other factors [28]. It is important for the cli- 
nician to accurately diagnose the patient and rule 
out any unusual causes for the compression such 
as a space-occupying lesion, a vascular incident 
or some other relevant pathology [8]. Other 
specific causes to consider include anomalies 
such as a cervical rib, a fractured clavicle or an 
adaptive shortening of fascia [29]. Treatment of 
posturally related NTOS must address re-estab- 
lishing normal mechanics of the cervical and tho- 
racic spines, as well as the pectoral girdle [30]. 
The pectoral girdle evaluation is inclusive of the 
scapulothoraic, glenohumeral, acromioclavicular 
and sternoclavicular mechanisms [31] and even 
the integration of breathing mechanisms [32]. 

Although, more extensive research needs to be 
completed on the role of the proper function of 
the sterno-clavicular and acromioclavicular joint 
and its relation to TOS, chiropractors may be 
concerned with the finding of subluxaton or 
fixation in this patient population. In clinical 
experience, upper extremity symptomotology, 
(i.e. hand swelling, color changes, muscle weak- 
ness, paresthesias, etc.) related to TOS can be 
provocated when these joints are moved into cer- 
tain positions and reduced after a low amplitude 
chiropractic adjustment (mobilization) is admin- 
istered with the proper line of force. 

Evaluation of strength, tone and balance of the 
cervical and related musculature is also impor- 
tant as imbalance can lead to a thickening and 
fibrosis of some of the muscles that make up the 


25 Chiropractic Treatment of NTOS 


Fig. 25.1 A low amplitude 
adjustment of an inferiorly 
subluxated (fixated) 
proximal clavicle is being 
performed on a 17-year-old 
TOS patient using the 
activator instrument 


thoracic outlet and lead to further constriction 
[3]. Chiropractic Care has been effective for 
re-establishing proper bio-mechanical function 
to these structures [22, 33]. 


The Chronicity Factor 


Long standing postural factors can cause numer- 
ous structural changes, which over time can lead 
to a “vicious cycle” of scalene and small pectoral 
muscle shortening. Additionally, some muscles 
are lengthened and are placed in a mechanically 
compromised position leading to muscular weak- 
ness, while others hypertrophy as they compen- 
sate for the faulty bio-mechanics [3]. The plethora 
of physical changes and symptoms that accom- 
pany TOS when developed over long periods of 
time may become chronically entrenched; there- 
fore simultaneous treatment by both a chiroprac- 
tor and a manual therapist is a good combination 
that may offer improved outcomes [30]. 

More research needs to be completed on the 
role that neck musculature weakness and imbal- 
ance plays in the development and perpetuation 
of TOS. There have been studies performed on 
the validity, repeatability and reliability of avail- 
able technology for measuring neck strength and 
balance in the clinician’s office [34, 35]. In prac- 
tical use, it is helpful for a clinician to have an 
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objective and repeatable method of assessing 
neck musculature strength. The Multi-Cervical 
Unit is a technology that fulfills that role and can 
also act as an objective way to assess, strengthen 
and balance the musculature of the neck [36-38]. 
Determining which muscles are weak and being 
able to isolate the rehabilitation of these individ- 
ual muscle groups without exacerbation of the 
condition may be a key component to a positive 
long term prognosis of a TOS patient. 


Thoracic Outlet Syndrome 
and the Breathing Mechanism 


The breathing mechanism is an important com- 
ponent in the development of TOS. The scalenes 
and sternocleidomastoid are not normally used 
substantially in normal breathing [39]. 
Chiropractors will look for faulty and excessive 
movement patterns when assessing breathing 
dynamics (See Fig. 25.2) [32]. 

As a computer driven society, our faulty sit- 
ting ergonomics are continually forcing us into 
slumped seated postures. These postures lead to 
rounded shoulder and forward head posture and a 
shallow breathing pattern causing accessory 
muscle use and hypertrophy around the pectoral 
girdle. Neurovascular compression can occur 
from muscle hypertrophy in the scalenes [29, 40]. 
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Fig. 25.2 Accessory muscle activation can be visualized 
on this TOS patient during normal inspiration 


Therefore, a necessary part of TOS treatment is 
patient education on posture and proper abdomi- 
nal breathing techniques to avoid the overuse 
syndrome of accessory breathing. 


The Manual Challenge 


In practice, the challenge that is faced when any 
manual therapy is performed on a patient with a 
compressive syndrome (i.e. Thoracic Outlet 
Syndrome, Carpal Tunnel Syndrome, Piriformis 
Syndrome, etc.) is being able to facilitate the 
body to decompress the offending structures 
without irritating the sensitive neurologic struc- 
tures being compromised. Whether it is physical 
therapy, chiropractic treatment, massage or some 
other manual therapy, the apparent conundrum is 
that if the practitioner works too aggressively, 
irritation to the underlining neurology and thus 
an increase in the patient’s pain can ensue. The 
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psychological factor that comes into play is that 
the patient assumes “the treatment is not work- 
ing”. The increased frustration level quickly leads 
the patient to consider more invasive treatment, 
with an expected quicker resolution. The actual- 
ity is that the treatment application may have 
been too aggressively initiated and therefore was 
never given an effective trial. 

It is very important to introduce procedures, 
exercises or other aspects of treatment in a con- 
trolled conservative step-wise fashion. For exam- 
ple, a simple exercise performed improperly can 
quickly exacerbate a TOS patient, which will 
decrease the likelihood that they will continue 
with conservative care. 

It is important for the practitioner to under- 
stand this psychology of the patient. By manag- 
ing the patient’s and their own expectations of a 
quick reduction of symptoms, it will assist in 
decreasing the frustration levels and ultimately 
increase the chance of a positive outcome with 
conservative management. 


Chiropractic and Its Future Role 
in NTOS 


It has been argued that there may be many benefits 
to the patients that seek conservative care for the 
management of NTOS [2, 3, 29, 30]. Some studies 
suggested that a multifaceted approach is better than 
a single approach [30]. The diagnosis of TOS 
appears to not only be one with a wide range of 
pathogenesis, but may also be inclusive of a variety 
of compressive entities. As more research is done, 
and there are more benchmarks to diagnose and 
assess the positive outcomes of treatment, 
Chiropractic will continue to grow and be a key 
component to the conservative treatment of NTOS. 
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Abstract 


Symptom control is often difficult to achieve in individuals with NTOS, 
and conventional therapy can be inadequate. A wide variety of alternatives 
thus present themselves, as they do in other neuropathic pain syndromes. 
This chapter summarizes 20 years of experience with a wide variety of 
modalities, focusing on the relevance and effectiveness of new pharma- 
ceutical and behavioural approaches mainly directed at pain control. 


Given that physical therapy, opiates, muscle 
relaxants, anti-epileptics, NSAIDs, and operative 
interventions do not consistently give acceptable 
results in patients with NTOS and that symptoms 
can return even after the best post-operative 
result, alternative therapies continue to be rele- 
vant. These are modalities for which rigorous 
proof of mechanism or effectiveness is controver- 
sial or lacking, but may, nonetheless, be of benefit 
in patients with NTOS. Specifics vary, but their 
very existence underlines the inadequacy of much 
of our understanding and treatment of neuro- 
pathic pain, of which NTOS is an example. 
Finally, whether prescribed or not, patients may 
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choose to treat themselves with such and even the 
most empiric clinician needs to have a sense of 
what issues are thus created. 

Essentially by definition, proof of efficacy for 
many “alternative” therapies is lacking and as a 
result, the following descriptions are largely 
anecdotal. They are based, however, on 20 years 
of clinical observations in over 1,500 patients 
with diagnosis of NTOS. Controlled studies and 
further discussions of mechanisms are described 
in the appropriate citations. Modalities are pre- 
sented roughly in order of effectiveness and pos- 
sible mechanisms of action in NTOS are noted. 
The focus is on interventions that reduce or elim- 
inate pain, the driving complaint in NTOS (to our 
knowledge, no “alternative therapy,” used in this 
context, is thought to be marketed as a treatment 
for NTOS). 

Careful physical therapy (e.g. Edgelow’s pro- 
tocol) emphasizing increased self awareness and 
gentle, appropriate movement is indispensible and 
is discussed at length in Chap. 23, Physical 
Therapy for NTOS [1-3]. The importance of 
proper technique is underscored by the frequent 
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and significant injuries from inappropriate physi- 
cal therapy or manipulations. Specific protocols 
such as Feldenkrais and Alexander work, devel- 
oped initially to treat and prevent chronic re- 
injuries in athletes, are very useful for the same 
purpose in NTOS and are felt to work by sensitiz- 
ing the patients to actions that potentially create 
damage and by hastening recovery from existing 
injury [4]. Proponents feel that the specific proto- 
cols need to be followed avidly for decent results. 

Heparin, the most negatively charged mole- 
cule in the human, actively entrains, sequesters 
and degrades cytokines, chemokines, MMPs, 
growth factors, and related products untouched 
by NSAIDs and steroids, all of which in theory 
decrease and block neural inflammation [3-7]. 
Because of its anti-inflammatory and _anti- 
proliferative effects, when injected peri-neurally 
in small amounts it can offer dramatic relief of 
pain [8]. Results are largely activity dependant 
and the propensity for easy re-injury continues in 
these patients. Duration of relief is variable and 
ranges from 10 to 14 days to many months prob- 
ably reflecting the degree of neuro-fibrotic 
involvement as well as injection technique and 
other unknown factors. 

Erythropoietin, as well as stimulating the pro- 
duction of red blood cells, is a neuroprotectant 
and seemingly normalizes function in both neu- 
rons and Schwann cells by inducing terminal dif- 
ferentiation with a consequent reduction in 
neurogenic inflammation [9-11]. Erythropoietin 
presumably acts in NTOS by inhibiting apoptotic 
pathways and normalizing hyperexcitable neu- 
rons. It provides excellent, lasting, pain relief 
starting 3-7 days after peri-neural injection of 
very small amounts [12]. Thromboembolic side 
effects are potentially limiting with caution 
demanding more extensive trials, despite the 
excellent results to date. 

Nalbuphine, a kappa receptor agonist, works 
better than methadone or morphine in controlling 
pain, although nausea is a common side effect 
[13]. With the increasing amount of opiate toler- 
ance in many patients, the fact that it acts on a 
different receptor makes it valuable. The main 
drawback is that it must be injected subcutane- 
ously once or twice a day. 
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Expert, knowledgeable acupuncture can often 
relieve symptoms for up to a week [14]. Great 
controversy regarding the various proposed mech- 
anisms of action exists and objective evidence is 
lacking, but it has been proposed that micro-injury 
at the site of needle insertion followed by locally 
intense stimulation seems to activate viscero- 
somatic and autonomic reflexes as well as exten- 
sive neural activity up to and including at the 
cerebral cortex [15-17]. Alternative explanations 
include systemic endorphin release and placebo 
effects. The traditional explanation of anatomical 
“meridians” and the elicitation of “Qi” (although 
used clinically by some) do not correspond to 
modern understanding of anatomy and physiol- 
ogy and is discounted by most. 

Hypnosis with an experienced hypnotist and a 
patient able to be deeply hypnotized (critical) can 
be very helpful in multiple ways: changing activ- 
ity patterns, pain and inflammation control, and 
by teaching autohypnosis for symptom flares 
[18, 19]. The precise mechanism(s) of action are 
clearly psychogenic but still remain largely 
unknown despite evidence of obvious (MRI, 
EEG) cerebral activation and the often dramatic 
ability to influence and change sensory and auto- 
nomic functioning. Debate continues as to whether 
hypnosis is truly a qualitatively different state of 
consciousness or merely a form of relaxation. 

Nitroglycerine applied topically by patch to 
focus delivery, can reduce symptoms dramati- 
cally [20]. This is probably a result of local nitric 
oxide production leading to an increased anti- 
inflammatory effect: nitroglycerine is more 
effective than local anesthetic patches, support- 
ing this mechanism of action. The major draw- 
back is headache, of course, due to cerebral 
vasodilatation. 

Octreotide, a neuropeptide inhibitor, is felt to 
alleviate the often ongoing neurogenic 
inflammation but, again, needs to be delivered 
locally by injection and has a short half-life [21]. 
For these reasons it is most useful in acute symp- 
tom flare-ups. 

We have shown that pulsed high intensity 
magnetic stimulation can ameliorate pain in 
NTOS patients, but this has not been widely 
accepted by others [22, 23]. One explanation 
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of this effect is that very quickly pulsed, Tesla- 
strength fields induce depolarization of affected 
peripheral nerves and muscles which relieves 
spasm and increases local circulation. Similar tri- 
als are currently being pursued at the NIH. 

There is some literature on potential therapeu- 
tic effects of monochromatic — infra-red 
(0.8-1.1 tum) laser light. Theories abound, and 
the consensus seems to be that the infra-red light 
normalizes aberrant mitochondrial ATP forma- 
tion. How this translates into benefit, however, is 
unknown [24]. Anecdotally this can work very 
well, albeit in a minority of patients. 

Much the same can be said for transcutaneous 
nerve stimulation (TNS), with some patients con- 
tinuing to use it for years [25]. The transcutane- 
ous electrical activation of local neural networks 
is thought to mimic the effects of acupuncture 
(see above) as well as activate descending spinal 
inhibitory signals. This is, of course, a widely 
used technique and it continues to be surprising 
that its precise mechanism of action is not better 
known (similar to acupuncture). 

Vagal nerve stimulation may have a place in 
treating in treating pain and autonomic dysfunc- 
tions in failed thoracic outlet decompressions and 
is probably safer and more effective, in this con- 
text, than spinal cord stimulation [26]. It has not 
been studied widely for this condition. 

Topical sphenopalatine ganglion blocks are 
felt to normalize autonomic dysfunction and can 
be very helpful in the same population (failure 
after surgical decompression) or when attempt- 
ing to interrupt an on-going symptom flare [27]. 
Finding practitioners who are able to perform 
this is difficult. 

Intraosseous blockade (usually in the ischium — 
but any accessible marrow bone will work) for 
chronic pain was explored in a few centers in the 
former Soviet Union, and might still be available 
in Moscow [28]. Our own experience with a visit- 
ing Soviet orthopedist was quite positive in a 
small group of patients. 

Histone mimics, capsaicin, conotoxins, botu- 
linum, cannabinoids, agents modulating inositol- 
3phosphate’ and, not least, colchicine, all show 
promise using a wide variety of mechanisms 
[29, 30]. None of these has been studied widely. 
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Lastly, as every practitioner knows, the emo- 
tional state of the patient can affect treatment for 
better or worse. Appropriate and preemptive 
effective psychoactive pharmaceuticals and/or 
expert psychotherapy obviously have their place 
(see Chap. 57). 

When dealing with chronic pain and related 
issues in this class of patients any of the options 
discussed above can be considered and all are 
ripe for further research and better definition of 
action and effectiveness. Recognizing and better 
understanding the neuro-inflammatory nature of 
why symptoms exist, increase, spread and change 
will be a significant step in our ability to modu- 
late and reverse them. Achieving phenotypic 
changes for the better in localized pathology with 
transcription factors is possible and is being 
sought by a number of groups. We are hopeful. 





Editorial Note: Complimentary 
and Alternative Medicine for TOS 


There is no such thing as “conventional” and 
“alternative” (or “Eastern” or “Western,” or 
“patriarchical” or “matriarchical” or any other 
artificial division) medicine — there is only medi- 
cal treatment that can be shown to work in a rig- 
orous, repeatable fashion, and that which cannot. 
While the definition is stable, therapies within 
each are not — phrenology, for example, was once 
accepted as a scientifically valid diagnostic tool, 
while many drugs we use today (leech saliva, for 
example) were first used in anecdotal fashion 
despite the criticism and scorn of mainstream sci- 
ence. The same standard should be applied to any 
therapy we wish to use on a human — does it 
work, and do the benefits exceed the risks — and 
we must strive to understand a mechanism of 
action that makes sense within the context of sci- 
ence and physiology. Keep in mind, however, that 
anything we now label as “alternative” may 
someday be part of our accepted armamentarium 
(and things we do today, in fact, may someday be 
shown not to work!). 

This chapter presents “alternative” techniques 
for treatment of patients with NTOS (largely with 
chronic pain) in a rational and valid style (note 


192 





that most of the references are from what most 
would describe as solid peer-reviewed sources). It 
is interesting that few patients with this problem 
seem to have latched upon things which clearly 
have no effect; the modalities presented here are 
all associated with reasonable mechanisms of 
action and bear study. Dr. Ellis and his colleagues 
have an extensive experience and the issues sug- 
gested in this chapter bear study by all. 
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Abstract 
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Complex regional pain syndrome (CRPS) is a chronic pain condition with 
defined diagnostic criteria that occasionally develops following an injury. 
It may develop in NTOS patients following the initial traumatic event 
resulting in both nerve injury and compression within the thoracic outlet, 
or from intraoperative nerve injury during treatment of NTOS. Both are 
rare occurrences, but this chapter will explore the possible mechanisms 


involved in CRPS. 


Introduction 


Chronic pain is the most common complaint in 
patients with neurogenic thoracic outlet syn- 
drome (NTOS). The mechanism producing this 
pain is presumed to be from chronic nerve com- 
pression within the thoracic outlet. This compres- 
sion would explain the associated sensory 
symptoms of paresthesia and numbness, as well 
as motor complaints such as weakness. An alter- 
native or contributing factor could be mechanical 
stimulation of pain fibers (nociceptors) within the 
muscles of the thoracic outlet — possibly created 
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by muscle dysfunction from postural abnormali- 
ties or repetitive strain injury. 

Complex regional pain syndrome (CRPS) is a 
specific chronic pain condition which develops 
following an injury. It has defined diagnostic 
criteria, and is found in only a small number of 
patients with chronic, severe pain. CRPS is uncom- 
mon, but not rare in NTOS patients. Some patients 
with NTOS may have clinical features seen in 
CRPS without having all of the diagnostic criteria 
necessary. Clinical signs seen in some NTOS 
patients such as skin discoloration or edema may 
overlap with those seen in CRPS. The critical dif- 
ference being that CRPS symptoms are out of pro- 
portion to the identified nerve injury. Nerve injury 
in NTOS patients that could potentially lead to 
CRPS are the traumatic event in a patient with pre- 
existing or subsequent thoracic outlet compres- 
sion. The second results from intraoperative nerve 
injury during thoracic outlet decompression. 
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Classification of Pain: Nociceptive 
vs. Neuropathic 


In evaluating patients with pain, it is important to 
understand two classifications of pain: nocicep- 
tive and neuropathic. Nociceptive pain involves 
stimulation of nociceptors in the skin, deep tis- 
sues or viscera, and is the common mechanism 
for experiencing pain from a direct injury. The 
stimulation of these pain fibers may be thermal, 
chemical or mechanical. Neuropathic pain results 
from damage or disease affecting the central or 
peripheral neurons. Characteristics of neuro- 
pathic pain include ongoing pain independent of 
stimulus, associated partial or complete sensory 
loss and abnormal summation of pain (i.e. the 
delivery of a consistent stimuli becomes increas- 
ingly painful). Examples of neuropathic pain 
include phantom limb pain, post-stroke pain, 
postherpetic neuralgia and CRPS. 


Historical Perspective and Current 
Classification 


The evolution of CRPS can be traced back to 
S. Weir Mitchell, a neurologist during the 
American Civil War. He found that 10 % of sol- 
ders with major extremity injuries — including the 
brachial plexus — developed burning pain, abnor- 
mal skin perfusion with temperature asymmetry, 
swelling and excessive sweating. He termed this 
“causalgia” from the Greek word for burning. He 
noted that the symptoms often spread beyond the 
territory of the initial injury, and occasionally 
spread to the “mirror” site on the contralateral 
extremity. This condition was termed reflex sym- 
pathetic dystrophy (RSD) by Evans in 1946, as it 
was mistakenly believed that control of the micro- 
circulation was exclusively limited to the auto- 
nomic nervous system [1]. In 1994 the 
International Association for the Study of Pain 
(IASP) used the term CRPS, and defined two 
groups of patients depending on the presence of a 
known nerve injury (Table 27.1) [2]. In each 
group, CRPS begins following a trauma or immo- 
bilization and has continued disproportionate 
pain, allodynia or hyperalgesia. Edema, skin 
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Table 27.1 The International Association for the Study 
of Pain ([ASP) diagnostic criteria for CRPS 


1. Continuing pain, allodynia (perception of pain from 
a nonpainful stimulus), or hyperalgesia (an 
exaggerated sense of pain) disproportionate to the 
inciting event. 

2. A history of edema, changes in skin blood flow, or 
abnormal sudomotor activity in the area of pain. 


3. The absence of any condition that would otherwise 
account for the signs and symptoms. 


CRPS Type I (RSD) develop without a known nerve 
injury. CRPS Type II (causalgia) is diagnosed after an 
initiating noxious event or a cause of immobilization 
Based on data from Merskey and Bogduk [2] 


discoloration or abnormal sweating occurs at 
some point in time. In CRPS type I, patients may 
have had local trauma, but they do not have a 
known nerve injury. CPRS type II patients have 
an identified nerve injury. Since this classification, 
many patients thought to have CRPS-I are found 
to have a nerve injury on closer evaluation [3]. 
Many clinicians no longer separate these two 
groups, as the clinical presentation, pathophysi- 
ology and response to treatment are similar. 

Because the IASP criteria were thought to be 
insufficiently specific, an international consor- 
tium convened in Budapest in 2003 to update the 
criteria used to diagnose cases of CRPS [4]. It 
was proposed that the original IASP criteria 
remain in use for diagnosing CRPS for research 
purposes. In addition, a less demanding set of 
criteria was proposed for clinically probable 
cases [5]. The “Budapest criteria” allows for a 
clinical diagnosis of CRPS to be made when the 
patient complains of pain which is out of propor- 
tion to the inciting event. In addition, four cate- 
gories are evaluated for symptoms and signs. At 
least one symptom must be present in three of 
these four categories that include sensory com- 
plaints such as hyperesthesia, vasomotor com- 
plaints that include temperature or skin color 
changes, sudomotor or edematous changes and 
motor or trophic changes. There also had to be 
abnormal findings at the time of the physical 
exam in at least two of these four categories. 
Both the IASP and Budapest criteria require the 
absence of any condition that would otherwise 
explain the signs and symptoms. 
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Epidemiology and Clinical Features 
of CRPS 


CRPS is typified by pain along with associated 
signs. It is a clinical diagnosis characterized by 
continuing pain, plus other features including skin 
hypersensitivity and microcirculatory abnormali- 
ties resulting in skin discoloration and edema. 
Abnormal sweating, bone resorption, and trophic 
changes in the skin, nails, hair or muscle can also 
be seen. Motor changes are frequently seen includ- 
ing dystonia, tremor and weakness. This condition 
can develop following any local trauma or period 
of extremity immobilization. The severity of 
CRPS symptoms is a wide spectrum, and appears 
to be disportionate to the initial injury. The role 
that TOS plays in causing a nerve injury leading to 
CRPS — as diagnosed by IASP criteria — is not 
defined, and examples in the literature are scarce. 
However, as outlined in Chap. 7, up to 10 % of 
patients with presumed TOS may have clinical 
features of CRPS. The clinical challenge is deter- 
mining if the inciting nerve injury is from chronic 
compression within the thoracic outlet versus 
injury at another level. 

The incidence of CRPS is reported to be 26.2 
cases per 100,000 people annually, with at least 
50,000 new cases of CRPS each year in the 
United States [6, 7]. Orthopedic injuries such as 
fractures and sprains are the most common pre- 
cipitating factors. CRPS is four times more com- 
mon in women, and typically occurs in middle-age 
adults. It is becoming increasingly clear that 
genetic factors likely play a role, and may explain 
why some patients with relatively minor injuries 
— such as following a needle stick or scald — 
develop CRPS [8]. 


Pathophysiology of CRPS 


The pathophysiology of CRPS is unknown, but 
current evidence suggests a multifactorial pro- 
cess. The current model for the development of 
CRPS begins with tissue trauma and local nerve 
injury. This injury could be quite minimal, but in 
certain genetically predisposed individuals the 
response may lead to the development of CRPS. 
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The injury response begins with local 
inflammation, but in individuals who express a 
“CRPS-phenotype”, the inflammatory response 
progresses down an abnormal pathway. 

The abnormal response to local inflammation 
results in sensitization of the peripheral nocicep- 
tors [9]. There is some evidence to suggest that 
the affected nerves in CRPS are the “small fibers” 
of the peripheral nervous system. These fibers are 
thinly myelinated A-delta fibers, unmyelinated 
C-fibers and post-ganglionic sympathetic axons. 
Small fibers comprise 80 % of peripheral axons 
including pain receptors (nociceptors). They are 
also involved in controlling the microcirculation 
and sweat glands. Analysis of skin biopsies show 
an approximately 30 % decrease in small fiber 
nociceptors in CRPS-affected sites compared to 
uninvolved control sites [10]. This decrease is not 
seen in patients with chronic extremity pain, 
swelling and disuse from other painful conditions 
such as severe osteoarthritis. Examination of 
limbs amputated in CRPS patients showed a 
decrease in the number of small fiber axons with 
no change in myelinated nerves [11]. It is unclear 
why a decrease in the number of nociceptor fibers 
is associated with an increase in pain, but surviv- 
ing small fibers in the region have reduced activa- 
tion thresholds. 

The abnormal response to injury in CRPS 
patients also appears to affect the sympathetic 
nervous system (SNS). There is a reduction in 
sympathetic outflow which could ultimately lead 
to an increased expression of adrenergic receptors 
on local nociceptors [12]. The SNS response may 
explain the inconsistent clinical response to local 
sympathetic blockade or surgical sympathectomy, 
yet increased sensitivity to circulating cate- 
cholamines. This is further outlined in Chap. 31. 

Skin abnormalities such as discoloration, 
edema, temperature alterations and abnormal 
sweating led many to conclude that RSD was 
mediated by the sympathetic nervous system. 
However, some skin vessels do not contain any 
sympathetic innervation, and somatic small 
fibers also innervate the microcirculation [13]. 
Degeneration of small fibers within the nervi 
vasorum results in opening dermal arterio- 
venous shunts in the extremities causing blood to 
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bypass tissue capillary beds. Thus, while the skin 
appears flushed, the tissues in CRPS-affected 
extremities may be ischemic as demonstrated by 
phosphorus magnetic resonance spectroscopy 
[14]. Neurogenic edema may result from capil- 
lary leakage mediated by inappropriate release 
of vasogenic peptides from malfunctioning small 
fibers. 

CRPS also appears to affect the central ner- 
vous system as well. There is evidence to support 
the concept of “central sensitization”, whereby 
an injury to peripheral afferent nerves triggers 
activation somatosensory nociceptive networks 
within the central nervous system [15]. This 
mechanism could explain both referred pain and 
the spread of pain beyond the initial area, and 
may be the final common pathway in neuropathic 
pain conditions. There also may be reorganiza- 
tion of the somatosensory cortex through a pro- 
cess referred to as “brain plasticity”. The size and 
location of the sensory cortex associated with the 
CRPS-effected body part has been seen to change 
throughout the course of a patient’s disease [16]. 





Treatment Strategies 


Some cases of CRPS are mild, and will improve 
over time. Cases involving children and teenag- 
ers will frequently recover. Prior to treatment, 
other causes of neuropathy (i.e. diabetes, vita- 
min deficiency, Lyme disease, etc.) should be 
excluded. Patients who fail to improve should be 
evaluated for ongoing nerve injury from compres- 
sion, scarring or neuroma formation. When nerve 
compression is clearly identified, decompression 
can provide effective treatment of CRPS. This is 
found in a very small minority of CRPS patients, 
and caution needs to be exercised before pro- 
ceeding with surgery, as some patients can have a 
marked worsening of their pain following surgi- 
cal treatment. Surgical sympathectomy for treat- 
ment of CRPS appears to have little role, and this 
is outlined further in Chap. 31. 

Initial treatment of CRPS should address each 
component of patient’s symptoms. Pain manage- 
ment allows patients to participate in physical 
therapy, thereby avoiding the complications of 
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limb disuse. Physical therapeutic modalities such 
as mirror therapy or graded motor imagery have 
shown promise [17, 18], and neurogenic edema is 
treated by increasing activity, limb elevation and 
compression wrap or garments if tolerated. 

In the absence of clinical trials in CRPS, data 
from randomized trials of other neuralgias involv- 
ing focal peripheral nerve injuries such as 
postherpetic neuralgia (PHN) can guide therapy. 
Meta-analysis of PHN trials supports the use of 
oral tricyclic antidepressants, strong opioids, 
gabapentin, tramadol and pregabalin [19]. A more 
detailed strategy for management of neuropathic 
pain is outlined in Chap. 35. In CRPS patients, 
bone resorption is thought to be a source of 
“deep” pain that some experience, and is treated 
with bisphosphonates or nasal calcitonin. 
Smoking cessation and daily aspirin are advised 
because of the concern for tissue ischemia from 
microcirculatory abnormalities. Spinal cord stim- 
ulators have been shown to be effective in some 
patients with CRPS, particularly in patients with 
localized nerve injuries, and their role in treating 
chronic pain are discussed in Chap. 55. 
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Part Ill 


Neurogenic TOS: Surgical Techniques 


There are several different ways to approach the thoracic outlet for surgical 
treatment of neurogenic TOS. While much of what we do is based on what 
we’re comfortable with and/or how we are trained, there are rational reasons 
for doing different operations for different problems. A useful way to think 
about this issue is based on what part of the thoracic outlet anatomy is thought 
to be most critical in the given situation. In other words, do you need to 
expose and control the brachial plexus and the posterior part of the first rib, 
or the costoclavicular junction and the anterior part of the first rib? Similarly, 
is there a cervical rib “up high” that needs correcting, or symptoms of upper 
or lower brachial plexus compression? 

When treating a patient with neurogenic thoracic outlet syndrome (NTOS), 
the most critical structures to consider are the scalene muscles and associated 
anomalous structures or bands, the mid- to posterior part of the first rib, and 
any fibrous scar tissue around the brachial plexus nerves. Many clinicians and 
investigators believe that the brachial plexus itself should be fully dissected for 
optimal safety and best long-term results. The transaxillary approach, described 
below by Dr. Freischlag, is considered by many to be the most cosmetic, while 
the supraclavicular approach, described by Dr. Illig, allows the most thorough 
scalenectomy and brachial plexus neurolysis along with first rib resection. 
Interestingly, results seem to be very similar between the two when performed 
by experienced personnel, but there not yet satisfactory studies by which to 
make an accurate comparison. As described in another chapter, compression 
of the brachial plexus by the pectoralis minor muscle is increasingly recog- 
nized as an important part of NTOS in many patients, and Dr. Thompson dis- 
cusses his strategy for operative correction of this problem. Cervical 
sympathectomy should be part of the armamentarium of all TOS surgeons, 
and this is described by Dr. Donahue. Finally, although not commonly per- 
formed, Dr. Urschel describes the posterior approach to thoracic outlet decom- 
pression, a technique that may be especially useful in reoperative situations. 

Together these authors bring over a century of cumulative experience in 
the operating room with these problems. Every TOS surgeon should be famil- 
iar with each of these techniques, but ultimately which approach is better for 
which patient is an individualized decision. 
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Transaxillary Approach for NTOS 


George J. Arnaoutakis and Thomas Reifsnyder 


Abstract 


Most feel that patients with neurogenic thoracic outlet syndrome (NTOS) 
who are refractory to conservative management should undergo operative 
decompression. The ideal approach for NTOS should be based on the 
patient’s symptoms and anatomy, and the surgeon’s operative experience. 
The transaxillary approach was first described by Roos in 1966, and many 
surgeons prefer this approach because of its relative ease, low risk, and 
documented ability to improve patients’ quality of life. This chapter 
describes the technical aspects of transaxillary first rib resection with 
attention to factors that influence short- and long-term outcome when per- 
formed in patients with NTOS. 


Introduction 


Most feel that patients with neurogenic thoracic 
outlet syndrome (NTOS) who are refractory to 
conservative management should undergo opera- 
tive decompression. The ideal approach for 
NTOS should be based on the patient’s symp- 
toms and anatomy, and the surgeon’s operative 
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experience. The transaxillary approach was first 
described by Roos in 1966 [1]. Many surgeons 
prefer this approach because of its relative ease, 
low risk, and documented ability to improve 
patients’ quality of life [2, 3]. 

Up to 95 % of TOS patients have neurogenic 
complaints [4]. Symptoms of NTOS include par- 
esthesias, pain, and impaired strength in the 
affected shoulder, arm, or hand, along with occip- 
ital headaches and neck discomfort. There is 
commonly an antecedent history of hyper- 
extension neck injury or repetitive neck trauma. 
Patients frequently manifest tenderness on palpa- 
tion of the shoulder, mastoid region, supraclavic- 
ular fossa, or over the anterior scalene muscle. 

Preoperative physical therapy is recommended 
for most patients with a diagnosis of NTOS, in an 
attempt to relieve symptoms through improved 
posture and to achieve greater range of motion. 
While many patients will improve with physical 
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Fig. 28.1 A photograph 
depicting proper patient 
positioning for right 
transaxillary first rib 
resection and use of the 
Machleder arm support with 
generous padding to prevent 
compression nerve injury. 

A padded axillary roll is 
placed under the dependent 
(left) axilla, and the patient is 
stabilized in the /eft lateral 
decubitus with the aid of a 
bean bag. The dashed line 
indicates the preferred 
location of the skin incision 


therapy and lifestyle alterations, patients with 
debilitating symptoms despite 8 weeks of physi- 
cal therapy warrant surgical intervention. 


Operative Technique 


Prophylactic antibiotics (often a first generation 
cephalosporin) are administered immediately 
prior to the operation and prophylaxis for deep 
vein thrombosis should be instituted. Postoperative 
pain can be minimized by a preoperative intrave- 
nous dose of Ketorolac Tromethamine (Toradol). 


Positioning 


Induction of general anesthesia is performed. 
Short-acting neuromuscular blockade agents 
should be used for induction as normal nerve 
activity is desired for safer dissection around the 
brachial plexus. The patient is placed in the lat- 
eral decubitus position with the aid of a bean bag 
to facilitate positioning; care should be taken to 
pad the dependent axilla and maintain proper 
neck alignment. The sterile field includes the 
arm, axilla, and shoulder. An adjustable 
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Machleder arm support is affixed to the operating 
table with the vertical support bar attached at the 
level of the patient’s chin. Extensive padding 
with sterile towels and cotton Sof-Rol (BSN 
Medical Inc., Rutherford College, NC) wrapped 
around the patient’s arm prior to placement in the 
arm holder protects the median and ulnar nerves 
at the elbow joint. The arm is secured to the arm 
holder utilizing a Coban (3M Health Care, St. 
Paul, MN) self-adhesive wrap (Fig. 28.1). With 
proper positioning and arm retraction, visualiza- 
tion during the operation is excellent. 


Exposure 


After positioning the surgeon identifies the ante- 
rior border of the latissiumus dorsi muscle and 
the posterior border of the pectoralis major mus- 
cle. A transverse skin line incision is made 
between these two structures at the level of the 
inferior axillary hair line. The subcutaneous 
tissue is divided with electrocautery until thin 
areolar tissue just superficial to the chest wall 
is encountered. Self-retaining cerebellar or 
Weitlaner retractors are then inserted into the 
wound to maximize exposure. After encountering 
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the chest wall—and if in the correct anatomic 
plane—gentle blunt dissection with the surgeon’s 
fingers or a pair of Kitner peanut dissectors easily 
separates the soft tissues from it. This dissection 
proceeds in the cephalad direction and the second 
rib rapidly comes into view. The intercostobra- 
chial nerve is located in the second intercostal 
space and is frequently difficult to avoid. Any 
injury causes numbness or dysesthesia of the 
medial aspect of the proximal arm, but this com- 
mon complication generally resolves with time 
as long as the nerve is not divided. Raising the 
Machleder arm support at this point leads to opti- 
mal access to the first rib and thoracic outlet 
(Fig. 28.2). Deep wound retraction is provided by 
narrow Deaver or Wylie renal vein retractors. 
Fiber optic lighted Deaver retractors facilitate 
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Fig. 28.2  Right-sided thoracic outlet anatomy from the 
surgeon’s perspective as viewed through the operative 
field in a transaxillary approach. Jnset, Normal anatomic 
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visualization; the surgeon (and assistants) can 
also wear headlights. The first rib is identified 
cephalad and medial to the second rib; it is posi- 
tively identified by noting the insertion of the 
anterior scalene muscle and direct visualization 
of the artery and vein. The first rib is generally 
encountered more cephalad than the non-expert 
would anticipate, and may initially be out of view 
medial to the second rib. A Kitner or peanut dis- 
sector is used to gently sweep away the loose 
fibrous tissue overlying the brachial plexus, sub- 
clavian artery and vein, and scalene muscles. 
There is occasionally a small branch of the sub- 
clavian artery that must be ligated and divided in 
order to widely expose the operative field. 

The next step is to fully expose the rib. 
Depending on the patient’s anatomy, it generally 
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relationships of important thoracic outlet structures 
(Reprinted from Chaikof and Cambria [5]. With permis- 
sion from Elsevier) 
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Fig. 28.3 A periosteal 
elevator is used to dissect 
along the superior surface of 
the first rib in order to divide 
intercostal muscle (Reprinted 
from Chaikof and Cambria 
[5]. With permission from 
Elsevier) 
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is easiest to first clear the intercostal muscle 
attachments and periosteum laterally. A Cobb 
periosteal elevator works best, but any type of 
long elevator may be used (Fig. 28.3). The dis- 
section proceeds in the anterior and posterior 
directions until all muscle attachments are sepa- 
rated from the rib and the inferior border is 
exposed. The elevator can then be used to elevate 
the first rib, separating it from the underlying 
parietal pleura. This mobilization should extend 
from a point posterior to the brachial plexus to a 
point anterior to the subclavian vein. Attention is 
then directed to the superior border of the first 
rib, where the periosteal elevator is used to bluntly 
divide the scalene medius fibers at their attach- 
ment to the rib. The long thoracic nerve courses 
along the lateral edge of the scalene medius mus- 
cle but is generally not visualized; sharp dissec- 
tion should not be used for this step and dissection 
should be limited to the surface of the rib in order 
to protect the nerve. 

During mobilization of the first rib, oozing of 
blood from dissected muscle can be controlled by 
temporarily packing the wound. Lowering the 
arm to collapse the wound will further assist with 
hemostasis. Periodic breaks are an important part 
of this operation to obtain hemostasis, temporar- 
ily relieve tension on the brachial plexus, and 
also to give the assistant a short break from a 
physically demanding operation. 

The anterior scalene muscle should now 
clearly be identified as it attaches to the superior 
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aspect of the first rib (Fig. 28.4). A right-angled 
clamp is passed behind the anterior scalene mus- 
cle near its insertion on the scalene tubercle. 
Gently lifting of the anterior scalene with the 
right-angled clamp protects the subclavian artery 
as it courses posterior to the muscle (Fig. 28.5). It 
is important to free several centimeters of the 
muscle prior to dividing it with Metzenbaum 
scissors (Fig. 28.6). This maneuver allows resec- 
tion of a segment of the anterior scalene muscle, 
a move which has been shown to reduce recur- 
rence rates when compared with simple division 
at its insertion point [6, 7]. Finally, the subclavius 
muscle will appear as a crescent-shaped ligamen- 
tous anterior attachment to the first rib adjacent to 
the subclavian vein. With care not to injure the 
subclavian vein, this can be sharply divided with 
SCiSSOrs. 


Rib Resection 


After the rib is freely mobilized, a bone cutter is 
used to divide the first rib. Generally it is divided 
anteriorly and then posteriorly, although a 
patient’s body habitus may render the reverse 
order easier (Fig. 28.7). Anteriorly the rib is 
divided adjacent to the subclavian vein and poste- 
riorly as far back as possible, but complete visu- 
alization of the tips of the bone cutter should be 
the limiting factor to ensure that the nerve roots 
are not inadvertently injured. The rib is then 
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Fig. 28.4 An image of the 
gross anatomy from a 
close-up perspective of the 
right-sided thoracic outlet. 
The important relationships 
between the first rib, anterior 
scalene muscle, and 
subclavian vessels can be 
seen (Reprinted from 
Chaikof and Cambria [5]. 
With permission from 
Elsevier) 
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Fig. 28.5 A right-angled clamp is insinuated behind the 
anterior scalene muscle. Gentle elevation pulls the muscle 
away from the underlying subclavian artery thereby pro- 
tecting the artery prior to dividing the muscle with scis- 
sors. The subclavius muscle is a_ crescent-shaped 


removed, and typically the segment of bone 
resected is smaller than anticipated. A bone ron- 
geur is used to excise residual rib and to smooth 
the cut ends until there is a near complete rib 
resection. A Roos retractor or similar instrument 
may be used to protect the nerves during use of 
the rongeur (Fig. 28.8). 

It is important to ensure that no residual fibers 
from the anterior scalene muscle course beneath 
the subclavian artery and insert onto the thickened 


a7 /subclavian v. 
yy Divided subclavius muscle 


First rib 


ligamentous attachment to the first rib adjacent to the sub- 
clavian vein. The subclavius muscle is sharply divided 
with scissors with care not to injure the subclavian vein 
(Reprinted from Chaikof and Cambria [5]. With permis- 
sion from Elsevier) 


surface at the apex of the pleura (Sibson’s fascia); 
any such fibers so identified should be divided. 


Closure 


The surgical field is inspected for bleeding. 
Temporarily packing the wound as described above 
reliably achieves hemostasis. The wound is then re- 
inspected, and any remaining bleeding is controlled 
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Fig. 28.6 The first rib is 
seen in the foreground of the 
operative photo taken during 
a left first rib resection. 
Metzenbaum scissors are 
used to sharply divide the 
anterior scalene muscle, with 
the right angled clamp 
elevating the muscle to 
protect the subclavian artery 
as it courses behind the 
muscle. The divided ends of 
the tendinous anterior 
scalene fibers can be seen 
(Reprinted from Chaikof and 
Cambria [5]. With permis- 


sion from Elsevier) Warr 


Fig. 28.7 A bone cutter is 
used to divide the first rib in 
its anterior and posterior 
direction. Once removed the 
rongeur is used to achieve 
smooth rib (Reprinted from 
Chaikof and Cambria [5]. 
With permission from 
Elsevier) 


with judicious use of electrocautery. The wound is 
then filled with saline and several positive pressure 
ventilations are administered to assess for an air 
leak indicative of a postoperative pneumothorax; a 
small caliber (12 French) chest tube can be placed 
in the event of a significant air leak. If the irrigation 
drains into the pleural space but there is no air leak, 
the pleura has been breached but a chest tube may 
not be necessary. In this situation, a 12 or 14 French 
red rubber catheter is placed into the bed of the first 
rib and attached to gentle suction. The Machleder 
arm holder is lowered to providea tension free clo- 
sure. The subcutaneous fascia is then closed around 
the tube on suction, but not tied. The anesthesia 
team then delivers a sustained Valsalva maneuver, 
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and the fascial suture is tied as the suction tube is 
rapidly removed. Closure is performed with absorb- 
able 2-0 suture in the fascia and a 4-0 subcuticular 
skin closure. 


Avoiding Injury to the Brachial Plexus 


The brachial plexus is rarely injured during 
transaxillary first rib resection for TOS. However, 
because of the morbidity of neurologic injury, the 
surgeon should be vigilant on a few points. When 
a Machleder retractor is used to position the arm 
during the procedure, the arm should not be posi- 
tioned at greater than 90° of abduction. The 
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Fig. 28.8 From the top of the image in the clockwise 
direction, the instruments depicted are: / Roos retractor, 2 
Alexander Periosteotome, 3 Kerrison Punch upbiting 


Machleder retractor should be adjusted periodi- 
cally (every 20-25 min) to release tension on the 
brachial plexus. Because the operative field is nar- 
rowly confined, assistants holding retractors will 
have an impaired view. Therefore, the operating 
surgeon must constantly monitor the positioning 
of their retractors. Additionally, the brachial 
plexus is vulnerable to injury when dividing the 
rib or when using the rongeur to smooth the pos- 
terior rib stump. A good rule when using the bone 
cutters or rongeur is to check positioning at least 
twice before cutting once. Positioning a Roos 
retractor in front of the brachial plexus and gently 
displacing the nerve bundle offers protection 
when using the rongeur. Always keep the tips of 
any cutting instrument in view! 


Postoperative Care 
A chest radiograph is obtained in the recovery 


room. A small, clinically asymptomatic pneu- 
mothorax can be observed with a repeat chest 


instrument, 4 Double action bone cutter, 5 Cobb periosteal 
elevator, and 6 Rongeur (Reprinted from Chaikof and 
Cambria [5]. With permission from Elsevier) 


radiograph performed the next morning. Patients 
are typically discharged from the hospital on 
postoperative day one if adequate oral analgesia 
has been achieved. Activity is restricted by the 
amount of post-operative pain. Occasionally, a 
short term sling may be used for patient comfort, 
but it is preferable to have the arm as mobile as 
tolerated. 

Physical therapy should be prescribed after 
2 weeks in all patients undergoing transaxillary 
first rib resection. Such therapy is critical to 
restore range of motion and strength, and may be 
required for 8-12 weeks. 


Postoperative Complications 

Vascular Injury 

A national query identified injury to the sub- 
clavian vessels as the most common complica- 


tion following transaxillary rib resection for 
neurogenic TOS, occurring in 1-2 % of cases 
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[8]. Patients experiencing a vascular injury have 
greater lengths of stay as well as increased hos- 
pital charges [2]. It is difficult to obtain proximal 
control of these vessels from the transaxillary 
approach, and therefore the surgeon should exer- 
cise extreme caution when dissecting near these 
vessels. 


Nerve Injury 


Major nerve injury has been traditionally 
regarded as the most common complication fol- 
lowing surgery for TOS. However, large contem- 
porary series disprove this belief, with rates of 
brachial plexus injury for patients undergoing 
transaxillary first rib resection being 0 % in many 
large series [2, 8]. Temporary or permanent 
numbness of the upper medial arm due to exces- 
sive traction or division of the intercostobrachial 
nerve occurs in up to 10 % of patients, but as dis- 
cussed above these symptoms will usually 
improve over time. 


Pneumothorax 


Recognizable pneumothorax occurs in 2-10 % of 
patients [8]. Accordingly, an upright chest radio- 
graph is routinely performed in the recovery 
room. Radiographically-detected pneumothora- 
ces are frequently clinically insignificant, and 
patients require a chest tube only if symptomatic 
or the pneumothorax is enlarging. Adhering 
closely to the inferior surface of the first rib dur- 
ing blunt dissection will help protect against 
postoperative pneumothorax. 


Recurrence 


Symptoms of neurogenic TOS recur in 10-20 % 
of patients [7, 9] (discussed more thoroughly 
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in Chap. 39, “Assessment and Treatment of 
Recurrent NTOS”). Two intraoperative factors 
are known to reduce recurrence rates: First, 
resecting a significant portion (2-3 cm) of the 
anterior scalene muscle (as opposed to simply 
dividing it at its insertion point) and, second, 
ensuring that the posterior edge of the first rib is 
resected sufficiently so as to leave as short a rib 
stump as technically feasible. Patients with spon- 
taneous recurrence compared to those that are re- 
injured have worse outcomes when reoperation 
is performed. Most recurrences develop beyond 
3 months but within 18 months of the initial oper- 
ation [8], and therefore patients with neurogenic 
TOS should be followed for at least 2 years after 
first rib resection. 
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Abstract 

Supraclavicular exposure offers the benefits of complete scalenectomy, 
complete brachial plexus neurolysis, and excellent exposure for resection 
of the mid- and posterior first rib (and any other bony or soft tissue abnor- 
malities), making it an excellent approach for the surgical treatment of 
patients with neurogenic thoracic outlet syndrome (TOS). Nonrandomized 
and noncontrolled data have not demonstrated any difference in outcomes 
when compared to transaxillary exposure in patients operated on for this 
problem, at least in the hands of experts using their preferred approach. In 
properly selected patients, an excellent-to-good outcome should be 
expected in approximately 80 % of patients using the supraclavicular 
approach for neurogenic TOS, and the recurrence rate may be lower than 
with other approaches. Temporary phrenic and/or long thoracic nerve dys- 
function is not rare, occurring in between 5 and 10 % of patients, and 
pneumothorax is temporary and innocuous. With experience this exposure 
is an excellent solution in patients with neurogenic TOS, and has the 
flexibility to be readily applicable to the other forms of TOS. 


Introduction entirely resected and fibrous scar tissue around 
the brachial plexus nerve roots should be fully 


When treating a patient with neurogenic TOS, excised. In addition, first rib resection is fre- 


the most critical structures are the scalene mus- 
cles, the brachial plexus, and the middle to poste- 
rior part of the first rib. Many surgeons believe 
that to achieve the best results in thoracic outlet 
decompression, the scalene muscles should be 
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quently advocated. For these reasons, many favor 

the supraclavicular approach for surgical treat- 

ment of neurogenic thoracic outlet syndrome. 

This approach has the following advantages: 

¢ It provides the best exposure of the middle to 
posterior first rib, from the level of the anterior 
scalene tubercle to the transverse process of 
the spine. 

e It allows complete removal of both the ante- 
rior and middle scalene muscles, which can- 
not be accomplished by other approaches. 
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¢ It provides the best exposure of a cervical rib 
or other anomalous anatomical structures. 

¢ It allows full exposure of the brachial plexus 
for complete neurolysis, which cannot be 
achieved by alternative approaches. 

¢ The supine position provides easy access for 
inclusion of pectoralis minor tenotomy with 
the supraclavicular operation, even when per- 
formed on the contralateral side. 

e This approach is the most versatile, allowing 
definitive treatment of all forms of TOS and 
unexpected abnormalities. 

e May provides a greater degree of safety in sur- 
gical treatment given the better exposure than 
that achieved through alternative approaches. 
The supraclavicular approach to thoracic out- 

let decompression was initially described by 
Sanders, and subsequently by Reilly and col- 
leagues [1, 2]. Thompson and associates wrote 
what continues to be a useful description of this 
technique in 1997 [3]. Although the anatomy of 
the thoracic outlet has not changed, the follow- 
ing description reflects conceptual updates and 
advances in dealing with this challenging area, 
and presents results with another 15 years of 
experience. 





























Surgical Technique 


No special preoperative preparation is needed. 
We ask all of our patients to wash their surgical 
site (in this case, the shoulder and supraclavicular 
region) with a surgical prep sponge the night 
before surgery. The base of the neck is a very 
well-perfused and clean area, and postoperative 
infection in this site is extremely rare. We also 
prescribe a scopolamine patch to be applied 
behind the ear the day before surgery, to help 
alleviate postoperative nausea related to the gen- 
eral anesthetic. 

The operation is performed under general 
anesthesia with the patient in a semi-Fowler’s 
position, placing the legs flat and the upper body 
elevated about 30°. A small inflatable pillow is 
placed across the shoulder blades, the head is 
turned to the opposite side, and the ipsilateral 
arm is tucked (alternatively, some prefer to leave 


K.A. Illig 
the arm out or to include it into the sterile field, so 
that the dynamics of the thoracic outlet can be 
assessed after decompression [3]). Such position- 
ing provides excellent exposure to the supra- 
clavicular region in a fashion that is comfortable 
for the surgeon and safe for the patient, and 
allows the surgeon to move between a position 
lateral to the shoulder or near the head, as the 
need for exposure dictates. 

A transverse incision is made in the supra- 
clavicular fossa one or two fingerbreadths above 
the clavicle, with the medial end at the lateral 
edge of the sternocleidomastoid muscle and 
extending almost to the anterior edge of the tra- 
pezius muscle (Fig. 29.1). The platysma layer is 
entered but the clavicular head of the sterno- 
cleidomastoid does not usually need to be divided. 
The surgeon then easily visualizes the supra- 
clavicular scalene fat pad, with the omohyoid 
muscle traversing diagonally across the field. We 
retract the scalene fat pad upward using cautery 
to divide the inferior attachments, although some 
recommend moving this laterally or even inferi- 
orly, and the omohyoid muscle is routinely 
divided. 

As the fat pad is reflected laterally and upward, 
the anterior scalene muscle should come into 
view, with the phrenic nerve running vertically 
across its surface, and the brachial plexus nerve 
roots become apparent along the lateral edge of 
the anterior scalene. As has often been noted, the 
phrenic nerve is very easy to identify both because 
of its location and as it is the only peripheral 
nerve in the body that runs from lateral to medial 
as it descends. It usually (85 %) lies on top of the 
anterior scalene, but can occasionally be found 
within its fibers, relatively superficial and not 
associated with the muscle, or even lateral to or 
below it. Great caution should be used until the 
phrenic nerve is positively identified; such 
identification can be aided by noting that it arises 
from the brachial plexus high in the surgical field 
with the nerve and brachial plexus forming two 
sides of a small triangle. When in doubt, a hand- 
held peripheral nerve stimulator can be used, to 
demonstrate abrupt contraction of the diaphragm 
when the phrenic nerve is directly stimulated. 
Following this the scalene fat pad is reflected 
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Fig. 29.1 Patient positioning 
and incision for supraclavicular 
exploration. (a) Many 
include the affected upper 
extremity in the sterile field, 
wrapped in a stockinette, to 
allow full range of motion 
during the course of the 
operation. (b) A skin crease 
incision is made 1—2 
fingerbreadths above the 
clavicle, beginning over the 
clavicular head of the 
sternocleidomastoid, to 
allow full exposure of the 
structures associated with 
the scalene triangle 
(Reprinted from Thompson 
et al. [3]. With permission 
from Elsevier) 


further, until the middle scalene muscle and the 
long thoracic nerve are also in view. A 3-arm 
self-retaining retractor is then put in place to 
maintain the exposure for the remainder of the 
procedure. 

The anterior scalene muscle is next divided 
from its attachment to the first rib, with the 
phrenic nerve, subclavian artery and brachial 
plexus well protected (Fig. 29.2). It is probably 
best to perform this step with the scissors rather 
than the cautery, as this will help avoid any ther- 
mal injury to adjacent structures and any slight 
muscular bleeding from the muscle edge will 
stop spontaneously. The anterior scalene is then 
lifted and teased upward to expose the subclavian 
artery; gentle finger dissection is generally ade- 
quate to bring it off of its medial and posterior 
attachments, while sharp dissection is sometimes 
added to mobilize it medially off the brachial 
plexus. There are occasionally relatively large 
blood vessels that supply the muscle in this area; 
these can easily be clipped or divided between 
ligatures, as can the branches of the thyrocervical 
trunk. A characteristic finding at this point is that 
the muscle belly “disappears” underneath the 
previously described junction of the phrenic 
nerve and brachial plexus. We pass the anterior 
scalene muscle underneath to the medial side of 





the phrenic nerve, allowing the muscle to then be 
traced further up to its origin on the transverse 
process of the cervical spine, where it is sharply 
divided while protecting the upper nerve roots of 
the brachial plexus. The entire anterior scalene 
muscle is thereby excised, usually providing a 
specimen 5-7 g in weight. 

At this point, the anterior surface of the bra- 
chial plexus (and the subclavian artery) are quite 
apparent, with the phrenic nerve coursing over 
the empty space where the anterior scalene used 
to be (Fig. 29.3). The brachial plexus is now 
brought forward with gentle retraction to expose 
the middle scalene muscle. The main landmark to 
note at this point is the long thoracic nerve, which 
exits the antero-lateral border of the middle sca- 
lene muscle and courses inferolaterally (some 
classify the muscle posterior to the nerve as the 
posterior scalene, but no physical difference in 
fibers or actual separation is present). It is critical 
to identify this nerve, as otherwise blindly divid- 
ing the middle scalene will often result in injury. 
Once the nerve is identified, the muscle can be 
dissected free over the top of it, leaving muscle 
lateral and inferior to it. The long thoracic nerve 
arises from the brachial plexus in a matter analo- 
gous to the phrenic nerve medially, forming 
another small triangle at the top of the surgical 
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Fig. 29.2 Anterior scalenectomy. View is of the left 
side, from the side of the patient. (a) The anterior scalene 
muscle is circumferentially mobilized from the underly- 
ing subclavian artery and roots of the brachial plexus. 
The anterior scalene muscle is often firm and tendinous 
in this region, particularly posteriorly, and this space may 
be anatomically restricted. (b) The tendinous insertion 


field. The middle scalene muscle is divided from 
the top of the lateral first rib, using scissors or 
cautery, until the first rib is cleanly exposed. The 
rib is often surprisingly deep in this location and 
the middle scalene can be 2 or 3 cm thick. If a 
cervical rib or fibrous band is present, it is typi- 
cally exposed at this point, since it arises in the 
anatomical plane of the middle scalene muscle. 
Two schools of thought exist regarding the need 
to remove the first rib. The majority of surgeons feel 
it should be removed in all cases, in order to ensure 





of the muscle upon the first rib is sharply divided with 
scissors (or with the cautery if the phrenic nerve is well- 
separated from the insertion), with the surgeon’s finger 
behind the insertion to protect the subclavian artery and 
brachial plexus (Reprinted from Thompson et al. [3]. With 
permission from Elsevier) 


the greatest chance of a successful outcome with one 
operation. Other surgeons suggest that in “properly” 
selected patients, the results of surgical treatment 
without first rib resection seem to be just as good 
[4, 5]. If the first rib is to be removed, we complete the 
rib resection followed by brachial plexus neurolysis 
(see below); if preservation of the first rib is contem- 
plated, brachial plexus neurolysis is completed first, 
followed by assessment and decision-making [3]. 
Once the first rib is identified, the cautery and a 
periosteal elevator are used to scrape the middle 
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Fig. 29.3 Brachial plexus neurolysis and middle scale- 
nectomy. View is of the left side, from the side of the 
patient. (a) Complete dissection of the brachial plexus 
nerve roots from C5 to T1 is accomplished by resection of 
all inflammatory scar tissue and interdigitating muscle. 
The T1 nerve root should be seen exiting from beneath the 
neck of the first rib. (b) The long thoracic nerve is seen 


scalene off its top surface (Fig. 29.3), both posteri- 
orly (underneath the long thoracic nerve to the 
transverse process) and anteriorly (underneath 
the brachial plexus and subclavian artery). The 
middle scalene muscle is debulked as much as 
possible and passed from the field, a maneuver 
that yields a long segment of exposed posterior 
first rib. At this point, the rib is encircled using a 
right angle clamp, placing it under the medial and 
lateral borders (Fig. 29.4). Laterally, the exposure 
includes the intercostal muscles. With pressure 
upward on the right angle to minimize the chance 
of pleural entry, the medial, lateral and inferior 
attachments are divided by running the clamp back 
and forth as far posteriorally and anteriorally as 
possible; one can often safely undermine the rib 
edges extensively under the nerves and even the 
artery. Finally, small subclavian artery branches 
are divided and the subclavian artery is elevated to 
expose the middle to anterior portion of the first rib 
(although the costosternal junction itself cannot be 
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exiting from the middle scalene muscle, and this is used as 
a landmark to limit the lateral border of muscle resection. 
The middle scalene is detached from the first rib using a 
periosteal elevator or cautery, taking care to avoid injury to 
the nerve. All middle scalene muscle tissue lying anterior 
and medial to the course of the nerve is resected (Reprinted 
from Thompson et al. [3]. With permission from Elsevier) 





Fig. 29.4 Operative photograph of technique of clearing 
the first rib from the surrounding tissues. View is of the 
left side, from the side of the patient. A retractor is holding 
the brachial plexus medially, while a right angle clamp is 
being placed around and under the medial border of the 
posterior first rib 


reached by means of a supraclavicular approach 
alone, the rib can be cleared and resected at least a 
centimeter anterior to the artery). 
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Fig. 29.5 Operative photographs of technique used to 
safely divide the first rib. View is of the left side, from the 
side of the patient. (a) A “guillotine-type” bone cutter is 
first inserted parallel to the rib and nerves, and the tip of 
the bottom blade placed under the rib. (b) With a forceps 
holding the brachial plexus medially, the rib cutter is then 


At this point, a Stille-Gertz guillotine-type bone 
cutter is used to divide the posterior rib. It is safest 
to insert this instrument parallel to the rib, between 
the long thoracic nerve and plexus, and only move 
it perpendicular to surround the rib it when the 
lower blade can be positioned under the cleared 
lateral border of the posterior part of the rib. With 
retractor in place to make sure that the brachial 
plexus stays away from its blade, the rib is divided 
as far posteriorally as possible (Fig. 29.5). Finally, 
the rib is similarly divided about a centimeter ante- 
rior to the artery, just medial to the scalene tuber- 
cle, and passed away from the surgical field. 

At this point the intact parietal pleura overly- 
ing the apex of the lung is at the base of the opera- 
tive field, with the brachial plexus coursing across 
the middle of the field and the phrenic and long 
thoracic nerves running medially and laterally 
over the spaces formerly occupied by anterior and 
middle scalene muscles, respectively. A bone ron- 
geur is used to remove the posterior part of the rib 
all the way back to its attachment with the trans- 
verse process of the spine. It is important that all 
periosteum and essentially all of the rib should be 
removed, and to persevere until the articular sur- 
face is seen. It is also critical to remember that the 
lowest part of the brachial plexus is the T1 nerve 
root; hence, one must be very careful in removing 
bone with a sharp instrument between two nerve 
roots (C7 above and T1 below). Finally, the rongeur 


turned 90° and the bottom blade is observed to be free of 
the brachial plexus nerves. The rib cutter is then maneu- 
vered as posteriorly as possible and the bone is cut. After 
anterior division and removal of the rib specimen, a bone 
rongeur is used to remove the remaining posterior rib to 
the level of the transverse process of the spine 


is used to remove the anterior edge of the first rib, 
as far anteromedially as possible. It is not possible 
to go all the way to the level of the sternum from 
this approach, but one should ensure that the 
artery is well free of any part of the rib; this should 
go well into the point of anterior scalene insertion 
and ideally beyond the tubercle. 

The final step at this point is to ensure that the 
brachial plexus itself is free of any investing mus- 
cle fibers and fibrous scar tissue. If there are mus- 
cle fibers that interdigitate between the nerve roots 
and trunks (e.g., a scalene “minimus” anomaly), 
they should be sharply debrided. Again, the dif- 
ference in sensation between muscle and nerve is 
distinct enough so that nerve injury should be vir- 
tually impossible. The surgeon should persist until 
all five nerve roots are identified, mobilized, and 
well-cleared of scar tissue. 

Over the past few years, we have routinely 
created a shallow tunnel using blunt fingertip dis- 
section over the anterior surface of the brachial 
plexus as it courses underneath the clavicle 
toward the arm. We generally extend this tunnel 
to the level of the pectoralis minor muscle. In 
patients in whom a concomitant pectoralis minor 
tenotomy is to be performed, this maneuver can 
be useful in identifying the pectoralis minor mus- 
cle; however, we have not been able to accurately 
distinguish patients with or without pectoralis 
minor compression using this technique. 
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In an effort to prevent or limit the develop- 
ment of perineural scar tissue that might contrib- 
ute to recurrent neurogenic TOS, we have used a 
hyaluronidate-based absorbable film (Seprafilm, 
Genzyme Biosurgery, Cambridge, MA) wrapped 
around the brachial plexus, as a temporary physi- 
cal barrier between the nerves and adjacent tis- 
sues. Other surgeons utilize polylactide film 
(SurgiWrap, MAST Biosurgery, San Diego, CA) 
for the same purpose, with the advantage that this 
material can be secured in place with sutures and 
may resist absorption for 2-3 months rather than 
2-3 weeks. Consideration has also been given to 
local injection or topical instillation of heparin or 
other substances, but to date no evidence exists 
showing the efficacy of any substance to address 
this problem. 

We routinely place a closed-suction drain in 
all patients, typically using a #10 flat Jackson- 
Pratt or #19 fluted round Blake drain. If the pleu- 
ral membrane has been entered, we put a few side 
holes in a red rubber catheter and place it within 
the pleural space, to be removed after wound clo- 
sure to the level of the fascia (platysma layer), 
and have never had to place a chest tube after this 
maneuver (or after any supraclavicular exposure). 
Other surgeons intentionally open the pleura and 
place the closed-suction drain past the brachial 
plexus and extending into the chest cavity. The 
closed-suction drain exits via a separate stab 
wound placed posterolaterally in line with the 
incision for best cosmetic effect, and can be 
placed above or below the scalene fat pad. The 
scalene fat pad is placed back into its normal ana- 
tomic position and held in placed with several 
sutures, and the wound is closed in two layers. 


Results 


Sanders presented a very nice description of the 
evolution of operations for neurogenic TOS in 
1996, and in so doing illustrated the results of 
various forms of decompression from his experi- 
ence and from the published literature [6]. 
Although discussion is limited by the subjectivity 
of assessing success and varied definitions 
thereof, he reported “excellent, good, or fair” 


results in 87 % of patients undergoing supra- 
clavicular scalenectomy with first rib resection in 
a series of 72 patients undergoing this operation 
over a 5-year period, when presumably, their 
technique was fully mature (interestingly, 
although not statistically significant, results are 
better than the concomitant group undergoing 
scalenectomy alone, a difference which persists 
even after later removal of the first rib in the latter 
group). It was also found that a work-related 
injury predicted a poorer outcome. Documented 
results are not any better than those in patients 
undergoing transaxillary exposure, although it 
must be stressed that such comparisons are 
uncontrolled, often historical, and, at this point, 
relatively dated. 

The largest series of supraclavicular first rib 
resections was reported by Hempel in 1996 [7]. 
In their series of 637 patients undergoing 770 
operations over a 28 year period, “good” or 
“excellent” results were achieved in 86 % of 
cases. Interestingly, they point out that results 
were much better in vascular TOS: all of those in 
this group had “excellent” results, while only 
55 % of those with neurogenic TOS had “excel- 
lent” results (by extrapolation, “good” results or 
better were thereby seen in 75-80 % of patients 
operated on for neurogenic TOS). 

Complications are probably more frequent 
after supraclavicular compared to transaxillary 
exposure, perhaps because the brachial plexus 
nerves and other structures are more thoroughly 
exposed during the course of complete scalenec- 
tomy. In a 2001 review, Sharp described a neuro- 
logical complication rate of 38 % after 
supraclavicular exposure, but this resulted from 
three complications in only eight patients, all 
operated on for cervical ribs or vascular TOS [8]. 
True complication rates are also difficult to assess 
because most authors do not clearly differentiate 
those following transaxillary and supraclavicular 
exposures. Thompson estimates the rate of 
phrenic nerve dysfunction to be approximately 
10 %, [9] and we have experienced at least three 
patients with long thoracic nerve dysfunction 
(“winged scapula’) following 77 supraclavicular 
first rib resections over the past 5 years (4 %), 
although two of the three were transient. Brachial 
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plexus injuries were found to occur in only 0.6 % 
of patients in a combined National Inpatient 
Sample inquiry combining transaxillary and 
supraclavicular operations [10]; this manuscript 
also provides a thorough literature review of this 
topic with brachial plexus injuries (very rare) 
broken down by exposure type. While less seri- 
ous in the long term, pneumothorax requiring 
chest tube placement and thoracic duct injury 
requiring total parenteral nutrition or thoracic 
duct ligation can also occur, but are poorly docu- 
mented in the literature. We have seen zero and 
two such complications over the past decade, 
respectively, and while Hempel describes pleural 
entry occurring in 20 % of cases, they also 
describe this as being innocuous [7]. 








Summary 


In conclusion, supraclavicular exposure offers 
the theoretical benefit of complete scalenectomy 
and complete brachial plexus neurolysis, along 
with excellent exposure for first rib (and cervical 
rib) resection. Data, albeit nonrandomized, 
appear to show equivalent outcomes when com- 
pared with transaxillary exposure in patients 
operated on for neurogenic TOS (and perhaps 
slightly better for first rib resection as compared 
to scalenectomy alone). With proper selection for 
treatment, a good outcome should be expected in 
approximately 80 % of patients. Dysfunction of 
the phrenic and/or long thoracic nerves is not 
rare, occurring between 5 and 10 % of patients, 
but is almost always transient, and pneumothorax 
is temporary and innocuous. With ample experience 


the supraclavicular exposure provides an excel- 
lent, versatile and safe approach in patients with 
neurogenic TOS. 
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Surgical Techniques: Pectoralis 3 O 
Minor Tenotomy for NTOS 


Robert W. Thompson 


Abstract 

Brachial plexus compression in neurogenic thoracic outlet syndrome 
(TOS) may occur either at the level of the supraclavicular scalene triangle 
and/or the infraclavicular subcoracoid space. As highlighted elsewhere by 
Sanders (Chap. 15), it has only recently been recognized that nerve com- 
pression at the level of the pectoralis minor muscle tendon can make a 
substantial contribution to symptoms in neurogenic TOS, and that in many 
cases nerve compression at this level may dominate over that occurring at 
the level of the scalene triangle. Untreated pectoralis minor compression 
of the brachial plexus may therefore represent an important factor in per- 
sistent or recurrent symptoms following operations for neurogenic TOS, 
and undoubtedly explains a proportion of surgical failures in previous 
clinical series. Moreover, it is now apparent that a significant number of 
patients may have a clinical diagnosis of neurogenic TOS represented by 
isolated brachial plexus compression at the level of the pectoralis minor 
muscle, for whom isolated pectoralis minor tenotomy may provide a min- 
imally-invasive surgical option associated with rapid postoperative recov- 
ery and a high likelihood of clinical success. Recognition and treatment of 
this condition has therefore been an important step in our evolving under- 
standing of neurogenic TOS. 


Introduction 


Brachial plexus compression in neurogenic tho- 
racic outlet syndrome (TOS) may occur either at 
the level of the supraclavicular scalene triangle 
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Fig. 30.1 Diagnosis of pectoralis minor compression 
in neurogenic TOS. Illustration of physical examination 
depicting localized tenderness and reproduction of 
upper extremity symptoms during palpation over the 


many cases nerve compression at this level may 
dominate over that occurring at the level of the 
scalene triangle [1, 2]. Untreated pectoralis minor 
compression of the brachial plexus may therefore 
represent an important factor in persistent or 
recurrent symptoms following operations for 
neurogenic TOS, and undoubtedly explains a 
proportion of surgical failures in previous clinical 
series [3]. Moreover, it is now apparent that a 
significant number of patients may have a clinical 
diagnosis of neurogenic TOS represented by iso- 
lated brachial plexus compression at the level of 
the pectoralis minor muscle, for whom isolated 
pectoralis minor tenotomy may provide a mini- 
mally-invasive surgical option associated with 
rapid postoperative recovery and a high likeli- 
hood of clinical success. Recognition and treat- 
ment of this condition has therefore been an 
important step in our evolving understanding of 
neurogenic TOS. 


Diagnosis and Indications 
for Procedure 


Pectoralis minor tenotomy is indicated for 
patients with disabling neurogenic TOS that have 
not had a satisfactory response to appropriately 
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supraclavicular scalene triangle (a) and/or the infra- 
clavicular subcoracoid (pectoralis minor) space (b). The 
position of the clavicle is shown by the dashed line 


targeted physical therapy, in whom physical 
examination reveals significant tenderness and/or 
reproduction of upper extremity neurogenic 
symptoms upon palpation over the subcoracoid 
space. Symptoms suggesting pectoralis minor 
compression include infraclavicular, anterior 
chest wall, and/or axillary pain, but the nature of 
upper extremity symptoms and the response to 
upper extremity positional maneuvers is similar 
to that of patients with brachial plexus compres- 
sion at the scalene triangle [2]. Physical examina- 
tion is used to help distinguish whether there is 
brachial plexus nerve compression at the level of 
the pectoralis minor muscle in isolation, as the 
dominant source of symptoms, or in combination 
with compression at the level of the scalene tri- 
angle (Fig. 30.1). One valuable and specific 
examination maneuver is to demonstrate tender- 
ness and/or reproduction of upper extremity 
symptoms during direct palpation over the subco- 
racoid space, which is resolved when the patient 
simultaneously contracts the pectoralis major 
muscle (Fig. 30.2). 

In addition to physical examination, the 
response to  radiographically-guided muscle 
blocks with local anesthetic can be particularly 
helpful to verify the presence of nerve compres- 
sion exacerbated by pectoralis minor muscle 
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Pectoralis Major. 





Fig. 30.2 Physical examination to distinguish pectoralis 
minor compression. Physical examination can often dis- 
tinguish between pectoralis minor compression (neuro- 
genic TOS) and more generalized pectoralis muscle 
tenderness. There is localized tenderness and reproduc- 
tion of upper extremity symptoms during palpation over 
the infraclavicular subcoracoid (pectoralis minor) space 
(a). An important finding is the resolution of these findings 
when the patient simultaneously contracts the pectoralis 
major muscle, which prevents transmission of digital 
pressure to the underlying pectoralis minor tendon. In this 
maneuver, there is localized tenderness and reproduction 
of arm/hand symptoms during firm palpation over the 
subcoracoid space while the pectoralis major muscle is 
relaxed (b), but diminished symptoms during palpation 
with simultaneous flexion (contraction) of the pectoralis 
major muscle (c) 
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spasm [4]. Although we use combined anterior 
scalene and pectoralis minor muscle blocks in the 
evaluation of most patients with neurogenic TOS, 
an isolated pectoralis minor block is used when 
this is considered the dominant site of nerve com- 
pression and when isolated pectoralis minor ten- 
otomy might be considered as an initial operative 
approach to treatment. Pectoralis minor muscle 
blocks can also be useful in patients with persis- 
tent or recurrent neurogenic TOS that have previ- 
ously undergone transaxillary or supraclavicular 
decompression procedures, in whom pectoralis 
minor tenotomy may also be considered. A sum- 
mary of the operations performed in our Center 
over the past 2 years demonstrates the increasing 
frequency with which pectoralis minor tenotomy 
is utilized for neurogenic TOS, with this proce- 
dure being included in approximately 80 % of all 
primary operations and as an isolated procedure 
in up to 30 % of patients (Fig. 30.3). 


Surgical Techniques 
Deltopectoral (Anterior) Approach 


Under general anesthesia, the patient is posi- 
tioned supine with the head of the bed elevated to 
30° and the arms held comfortably at the side. 
The neck, upper chest and affected upper extrem- 
ity are prepped into the field, with both sides 
prepped simultaneously for bilateral procedures. 
A short vertical incision is made in the deltopec- 
toral groove, beginning approximately | in. below 
the coracoid process (Fig. 30.4a). The edges of 
the deltoid and pectoralis major muscles are gen- 
tly spread apart from each other by blunt dissec- 
tion (Fig. 30.4b), with the plane of dissection 
carried deeper medial to the cephalic vein 
(Fig. 30.4c). The lateral edge of the pectoralis 
major muscle is separated from its fascia and 
gently lifted in a medial direction with a small 
Deaver retractor. The plane underneath the pecto- 
ralis major muscle is separated by blunt fingertip 
dissection to further expose the underlying fascia 
over the pectoralis minor muscle, where the mus- 
cle can be easily identified by palpation 
(Fig. 30.4d). The fascia along the medial border 
of the pectoralis minor muscle is incised and the 
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muscle is encircled using blunt fingertip dissec- 
tion around its medial border. The fascia along 
the lateral border of the pectoralis muscle is then 
incised to ensure seperation of the pectoralis 
minor from the long head of the biceps muscle, 
which fuses with the pectoralis minor tendon 


Operations in 2009 
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close to the coracoid process. The pectoralis 
minor tendon is then completely encircled near 
its insertion on the coracoid process, taking care 
to protect the underlying neurovascular bundle, 
and it is elevated with an umbilical tape or rubber 
tubing (Fig. 30.4e). The insertion of the pectora- 
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Fig. 30.3 Pectoralis minor tenotomy in the surgical treat- 
ment of neurogenic TOS. Bar graph illustrating the num- 
ber of operations performed for neurogenic TOS at 
Washington University/Barnes-Jewish Hospital in St. 
Louis over a recent 2-year period. During 2009 and 2010, 
the proportion of operations that included pectoralis minor 
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Fig. 30.4 Pectoralis minor tenotomy (deltopectoral 
approach). (a) Landmarks for pectoralis minor tenotomy 
include the clavicle and the coracoid process, which is 
easily palpable as a bony prominence inferior to the lat- 
eral aspect of the clavicle and medial to the shoulder. A 
short vertical incision is made in the deltopectoral groove 
(white line). (b) The edges of the deltoid and pectoralis 
major muscles are separated by blunt dissection. (c) The 
cephalic vein is identified as the deltoid and pectoralis 
major muscles are separated further, with the plane of 
dissection carried deeper medial to the vein along the 
lateral edge of pectoralis major. (d) The pectoralis major 
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tenotomy (PMT) was 78 and 84 %, respectively, with 
approximately 30 % of patients undergoing isolated PMT. 
Supraclavicular (SC) thoracic outlet decompression con- 
sisted of complete anterior and middle scalenectomy, bra- 
chial plexus neurolysis and first rib resection, either alone 
or in combination with PMT 
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muscle is lifted medially with a Deaver retractor to 
expose the underlying fascia over the pectoralis minor 
muscle. (e) The pectoralis minor muscle is encircled 
near its insertion on the coracoid process and elevated 
with an umbilical tape, prior to division with the electro- 
cautery. (f) The edges of the divided pectoralis minor 
muscle have retracted to relieve compression of the 
underlying neurovascular structures (embedded in sur- 
rounding fat). The inferior edge of the muscle will be 
oversewn with a series of interrupted sutures for hemo- 
stasis and to facilitate its contraction underneath the pec- 
toralis major muscle 
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Fig. 30.4 (continued) 


lis minor tendon on the coracoid process is 
exposed and isolated with a Richardson retractor, 
and the pectoralis minor muscle is injected with 
approximately 10 mL of 0.5 % bupivicaine. The 
muscle is then divided under direct vision with 
the electrocautery, within 2 cm of the coracoid 
process, with a finger placed behind the muscle 
to prevent thermal injury to the underlying neuro- 
vascular bundle. After the pectoralis minor mus- 
cle has been divided, the edges are seen to retract 
from each other to release any compression of the 
neurovascular bundle (Fig. 30.4f). The inferior 
edge of the divided muscle is oversewn with a 
series of interrupted figure-of-eight 2-0 silk 
sutures, to ensure hemostasis and to facilitate 
contraction of the muscle underneath the pectora- 
lis major. The remaining clavipectoral fascia is 
also incised to the level of the clavicle, along with 
any other anomalous fascial bands that might be 
present overlying the brachial plexus, such as 
Langer’s axillary arch [5]. No further dissection 
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of the brachial plexus nerves or the axillary ves- 
sels is performed. After infiltrating the edge of 
the pectoralis major muscle with a long-acting 
local anesthetic, the wound is irrigated and closed 
with several interrupted sutures in the deep sub- 
cutaneous layer followed by subcuticular closure 
of the skin, and dressed with a single steristrip. 


Infraclavicular/Subclavicular 
(Anterior) Approach 


Pectoralis minor tenotomy may be performed as a 
component of operations for venous or arterial 
TOS, in which an infraclavicular or paraclavicular 
approach is used, particularly to provide sufficient 
exposure for vascular reconstruction. In these situ- 
ations the exposure obtained through a transverse 
infraclavicular incision is extended laterally far 
enough to directly expose the pectoralis minor 
muscle, and the muscle is divided near the cora- 
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coid process under direct vision with the electro- 
cautery. This permits easy exposure for vascular 
bypass graft reconstructions in which the periph- 
eral anastomosis is constructed at the level of the 
axillary vessels, and avoids any compression of the 
graft or anastomotic site which might otherwise 
occur from the overlying pectoralis minor muscle. 


Transaxillary (Lateral) Approach 


Utilizing either general or local anesthesia with 
heavy sedation, the patient is placed in a lateral 
position with the affected arm raised and held 
over the head. A transverse incision is made at 
the base of the axillary hairline and carried 
through the subcutaneous tissue to the chest 
wall. The second intercostal brachial cutaneous 
nerve is avoided by maintaining dissection along 
the anterior axillary fold. The edge of the pecto- 
ralis major muscle is identified and retracted 
anteromedially, and is used as a guide to expose 
the underlying pectoralis minor tendon at the 
level of the coracoid process. The pectoralis 
minor tendon is divided under direct vision with 
the electrocautery, and in some situations several 
centimeters of the muscle may also be excised. 


Followup Care 


Isolated pectoralis minor tenotomy, whether per- 
formed on one side or both, is conducted as an 
outpatient procedure, and the vast majority of 
patients are able to return home the same day. 
Muscle spasm, tightness and pain in the lateral 
pectoralis major muscle may occur over several 
days following operation, but has usually resolved 
within 1 week. Most patients are allowed full 
activity with the affected arm, and may return to 
work activities within several days (Fig. 30.5). 
We have not identified any specific limitations or 
restrictions in use of the upper extremity follow- 
ing pectoralis minor tenotomy, including in over- 
head throwing athletes. Furthermore, unlike 
patients that have undergone transaxillary first rib 
resection or supraclavicular scalenotomy, where 
muscle reattachment with recurrent symptoms is 
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Fig. 30.5 Follow-up after pectoralis minor tenotomy. 
Photographs depicting a patient that had developed dis- 
abling symptoms of recurrent neurogenic TOS 9 months 
after supraclavicular thoracic outlet decompression, which 
were refractory to conservative measures. She was found 
to have no tenderness in the supraclavicular space, but had 
marked tenderness and reproduction of symptoms upon 
palpation over the subcoracoid area. Pectoralis minor 
tenotomy was performed as an isolated procedure through 
an anterior deltopectoral approach (a). The pectoralis 
minor tenotomy incision is covered by the steristrip dress- 
ing (the previous supraclavicular incision is indicated by 
the arrows). There was a complete resolution of symp- 
toms and a full range of motion demonstrated 2 weeks 
after operation (b) 


a relatively frequent occurrence, during several 
years of follow-up we have not identified an 
instance in which there has been reattachment of 
the divided pectoralis minor or recurrent brachial 
plexus compression at this level. 
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Abstract 

Skin abnormalities, such as discoloration, edema, temperature alterations 
and abnormal sweating, have led many to conclude that Complex Regional 
Pain Syndrome (CRPS), previously known as Reflex Sympathetic 
Dystrophy (RSD), is mediated by the sympathetic nervous system. These 
previous clinical observations led to the concept that disrupting sympa- 
thetic innervation to an affected extremity, by chemical blockade or surgi- 
cal disruption of the sympathetic chain, could improve symptoms. 
However, recent evidence has raised questions about the primary role of 
the sympathetic nervous system in CRPS/RSD, and clinical results from 
disruption of sympathetic innervation in patients with CRPS/RSD have 
remained inconsistent. 


Introduction 


Complex regional pain syndrome (CRPS) is a 
chronic pain condition that develops following a 
noxious event or period of limb immobilization. 
The clinical features include skin hypersensitiv- 
ity, microcirculatory abnormalities resulting in 
skin discoloration and edema, and abnormal 
sweating. Resorption of bone as well as trophic 
changes in the skin, nails, hair or muscle may 
also be seen. A more detailed description of the 
clinical diagnostic criteria for this condition is 
outlined in Chap. 27. CRPS was previously 
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known as reflex sympathetic dystrophy (RSD), 
because of the belief that the clinical findings 
were mediated by the autonomic nervous system 
[1]. In 1994, the International Association for the 
Study of Pain reclassified the term RSD as CRPS, 
and defined two groups of patients depending on 
the presence or absence of a known nerve injury 
[2]. More recently, alterations in the diagnostic 
criteria have been proposed, and many of these 
have been adopted into clinical practice [3]. 
Additional details regarding CRPS in the setting 
of thoracic outlet syndrome (TOS) are also out- 
lined in Chaps. 13 and 92. 

There has been speculation that the sympa- 
thetic nervous system plays a role in some patients 
with CRPS because physical findings suggest 
an increase in autonomic nerve activity. These 
findings, such as skin discoloration, edema, tem- 
perature alterations and abnormal sweating, have 


225 


DOI 10.1007/978- 1-447 1-4366-6_31, © Springer-Verlag London 2013 


226 

led to the idea that increased sympathetic outflow 
mediates these clinical features, and therefore 
may also augment pain in some patients. This 
concept, termed sympathetically-maintained 
pain, also led to speculation that if CRPS is medi- 
ated by excess sympathetic outflow, then symp- 
toms could potentially be improved by disruption 
of the sympathetic nerves (sympathectomy). 





Surgical Anatomy and the Evolution 
of Sympathectomy for CRPS 


Sympathetic nerve fibers are contained within the 
sympathetic trunks. These are bilateral paraspinal 
structures composed of nerves and ganglia origi- 
nating from white rami of the first thoracic (T1) to 
the second lumbar (L2) spinal nerves. The inferior 
cervical (stellate) ganglia lie between the trans- 
verse process of C7 and the neck of the first rib. In 
most cases, attempts to divide or ablate the sympa- 
thetic trunk are performed below the level of the 
stellate ganglia in order to avoid creating Horner’s 
syndrome (ipsilateral papillary constriction, droop- 
ing of the eyelid, and hemifacial anhydrosis). 

Under normal circumstances, increased sympa- 
thetic nervous system output to an extremity — the 
“fight or flight” response — results in cutaneous 
vasoconstriction, muscle bed vasodilation and 
sweating. These clinical features observed in RSD 
(now CRPS) first led clinicians to implicate the 
sympathetic nervous system in this condition. 
Treatment attempts to disrupt sympathetic innerva- 
tion to an extremity, by performing surgical sym- 
pathectomy, date back more than 80 years [4]. In 
1948, Shumaker reported the successful treatment 
of neuropathic pain by performing sympathectomy 
with either surgical division or alcohol injection; 
however, only short-term patient follow-up was 
reported [5]. Surgical sympathectomy has since 
been accomplished through either anterior, poste- 
rior or transaxillary approaches [6-8]. More 
recently, video assisted thoracoscopy (VATS) has 
been used for cervical sympathectomy in both tho- 
racic outlet syndrome (TOS) with RSD, or more 
commonly, in primary hyperhidrosis [9, 10]. Each 
of these various surgical approaches provides ready 
access to the sympathetic nerve chain, at or just 
below the level of the first rib. 
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Because the initial clinical response to sympath- 
ectomy can be inconsistent, the use of temporary 
sympathetic blockade with local anesthetics has 
been performed as a diagnostic test. This is typi- 
cally performed prior to proceeding with either sur- 
gical division of the sympathetic trunk or chemical 
nerve ablation with injection of phenol or alcohol. 
Interpretation of the results of these diagnostic 
injections may be difficult for several reasons. For 
example, the local anesthetic may spread to adja- 
cent spinal nerves, thereby temporarily relieving 
pain through direct blockade of somatic afferents. 
Pain relief might also be achieved through the sys- 
temic absorption of the anesthetic. Finally, the 
response rates to temporary sympathetic blockade 
are often no higher than placebo [11]. Sympathetic 
blockade with oral adrenergic blocking agents, or 
by intravenous systemic infusion of phentolamine, 
have also provided inconsistent results in pain relief 
[12]. It has been proposed that sympathetic block 
with a combination of oral, intravenous and local 
injections may be the most reliable way to select 
appropriate candidates for permanent surgical or 
ablative sympathectomy; however, clinical results 
of this approach have not yet been published [13]. 

Other mechanisms have been proposed to 
evaluate the extent that the sympathetic nervous 
system might play in the pain experienced by 
individual patients. In those that have had a suc- 
cessful response to temporary sympathetic block- 
ade with local injections, a subcutaneous injection 
of norepinephrine into the symptomatic extrem- 
ity would be expected to result in increased pain, 
thereby adding further evidence in support of a 
sympathetically-maintained component of the 
chronic pain condition [14]. It is not yet known if 
this subgroup of patients would then more favor- 
ably respond to permanent sympathectomy with 
either chemical ablation or surgery. 





Results of Sympathectomy 
in CRPS Patients 


There are many retrospective, and some prospec- 
tive, reports of both surgical and ablative sym- 
pathectomy in CRPS/RSD, but no strong evidence 
to suggest that it is superior to traditional phar- 
macotherapy treatment [15]. Most of these reports 
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are limited by poorly defined diagnostic inclu- 
sion criteria for CRPS/RSD, small study sizes, 
and only short-term clinical follow-up. Placebo- 
controlled studies frequently report that the 
response rate to temporary sympathetic blockade 
is identical to that of placebo. A review of 37 
reports, including 1,979 patients undergoing sur- 
gical sympathectomy for symptoms of neuro- 
pathic pain, found that 25 % of patients actually 
reported an increase in their symptoms [15]. 
Other complications in these patients have 
included compensatory hyperhidrosis (18.2 %), 
Horner’s syndrome (6.2 %) and gustatory sweat- 
ing (5 %). Though uncommon, significant car- 
diac rhythm disturbances have also been reported 
following thoracic sympathectomy [16]. To date 
there have been no randomized, blinded placebo- 
controlled trials evaluating the results and role of 
sympathectomy in CRPS/RSD, and the potential 
complications and varying success rates of these 
procedures remain a significant concern. 

Cervical sympathectomy has been success- 
fully performed during surgery for TOS in a 
group of patients who also demonstrated co- 
existing clinical signs to suggest autonomic dys- 
function [17]. A total of 326 successful outcomes 
were described, but neither the diagnostic criteria 
for autonomic dysfunction, nor the total number 
of sympathectomies performed, were reported. 
First rib resection by either transaxillary, cervical 
or dorsal approaches provides adequate access to 
divide the cervical sympathetic trunk. However, 
any recommendation for use of these procedures 
remains confounded by the difficulties in patient 
selection and assessment of results that have been 
previously discussed. 





The Role of the Sympathetic Nervous 
System in CRPS: Current Data 


The clinical features of CRPS that implicate the 
sympathetic nervous system initially led to the 
idea that a direct link exists between sympathetic 
efferent nerves and sensory afferent fibers. These 
fibers travel together within a given peripheral 
nerve, and they share a close relationship within 
their respective areas of innervation [18]. However, 
recent studies by Campero using microneurography 





have demonstrated no evidence that peripheral 
pain receptors (nociceptors) are activated by sym- 
pathetic fibers [19]. Additionally, physiological 
increases in sympathetic outflow to painful areas 
in patients with CRPS did not increase activity of 
local nociceptors. 

Function of the sympathetic nervous system 
has been found to be both overactive and under- 
active in the symptomatic limbs of patients with 
CRPS. Signs of sympathetic deficit include 
increased extremity skin temperature and a loss 
of vasoconstrictor reflexes, occasionally referred 
to as “warm” CRPS. Sympathetic overactivity in 
these patients produces signs of coolness and 
increased sweating in the extremity [20]. It has 
been clinically observed that these changes 
develop over time in some CRPS patients, with 
the acute “warm” phase evolving into a chronic 
“cool” phase [21]. Regardless of skin tempera- 
ture, sympathetic neurotransmittors (or their 
metabolites) measured in venous blood from the 
affected extremities of patients with CRPS are 
lower than those measured from the unaffected 
side, suggesting a local decrease in sympathetic 
neurotransmitter release [22—24]. This decrease 
in local sympathetic activity can be paradoxically 
accompanied by clinical signs of increased sym- 
pathetic function, such as vasoconstriction and 
hyperhidrosis. This discrepancy may reflect an 
increased sensitivity of peripheral adrenergic 
receptors to circulating catecholamines, rather 
than a direct effect through sympathetic fibers 
[25]. Given these findings, disruption of these 
sympathetic fibers may not address the underly- 
ing mechanism leading to the clinical features of 
autonomic dysfunction. This could explain the 
inconsistent and short-lived clinical results of 
sympathectomy in patients with CRPS. 

There is further evidence suggesting that path- 
ways other than the sympathetic nervous system 
have a role in mediating the clinical changes seen 
in the extremities of CRPS patients. There are 
also data suggesting that patients with chronic 
CRPS have abnormalities of the vascular endothe- 
lium-derived mediators, such as endothelin-1 and 
nitric oxide [26, 27]. Some skin vessels do not 
contain any sympathetic innervation, and somatic 
fibers have been found to innervate the microcir- 
culation. Degeneration of non-sympathetic nerve 
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fibers within the nervi vasorum results in opening 
dermal arteriovenous shunts in the extremities, 
causing blood to bypass tissue capillary beds 
[28]. Thus, while the skin appears flushed, the 
tissues in CRPS-affected extremities may be 
ischemic as demonstrated by phosphorus mag- 
netic resonance spectroscopy [29]. Neurogenic 
edema may also result from capillary leakage 
mediated by the inappropriate release of vasogenic 
peptides from malfunctioning small fibers [30]. 

Thus, while there is some evidence to impli- 
cate a role for the sympathetic nervous system in 
some patients with chronic pain conditions, it 
does not seem to be the exclusive mediator of 
chronic pain and the degree of sympathetic 
involvement varies substantially between patients. 
While the occasional patient may show a tempo- 
rary response to procedural interventions target- 
ing the sympathetic system, the use of chemical 
or surgical sympathectomy in patients with CRPS 
must be approached cautiously. 
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Abstract 


The treatment of recurrent neurogenic thoracic outlet syndrome (TOS) is 
an exceptional challenge. We believe that in patients with symptoms 
suggesting recurrent neurogenic TOS, the clinical diagnosis should be 
confirmed by objective nerve conduction velocity (NCV) testing, and 
that when NCVs are depressed in a patient whose symptoms are unre- 
lieved by prolonged conservative therapy, a posterior reoperative proce- 
dure should be considered. Removal of any cervical or first rib remnants 
or regenerated fibrocartilage, along with neurolysis of C7, C8, and Tl 
nerve roots and the brachial plexus, is performed. Dorsal sympathec- 
tomy is typically included to minimize any contribution to symptoms 
that might be attributable to causalgia and sympathetic-maintained pain 
syndrome, and topical agents are employed to minimize formation of 
recurrent perineural scar tissue. In this chapter, we summarize results 
with this approach in a large number of patients. 
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Introduction 


The treatment of recurrent neurogenic thoracic 
outlet syndrome (TOS) is an exceptional chal- 
lenge. We believe that in patients with symptoms 
suggesting recurrent neurogenic TOS, the clinical 
diagnosis should be confirmed by objective nerve 
conduction velocity (NCV) testing, and that when 
NCVs are depressed in a patient whose symptoms 
are unrelieved by prolonged conservative therapy, 
a posterior reoperative procedure should be con- 
sidered. Removal of any cervical or first rib rem- 
nants or regenerated fibrocartilage, along with 
neurolysis of C7, C8, and T1 nerve roots and the 
brachial plexus, is performed. Dorsal sympathec- 
tomy is typically included to minimize any contri- 
bution to symptoms that might be attributable to 
causalgia and sympathetic-maintained pain syn- 
drome, and topical agents are employed to mini- 
mize formation of recurrent perineural scar tissue. 
In this chapter, we summarize results with this 
approach in a large number of patients. 





Electrophysiologic Testing 


Objective nerve conduction velocity (NCV) testing 
is used to confirm the diagnosis of recurrent neuro- 
genic TOS [1-4]. Over the past 50 years, ulnar 
NCYV tests were performed on about 8,400 patients/ 
year seen in consultation by the Department of 
Physical Medicine at Baylor University Medical 
Center for pain of the upper extremities. Over 700 
were found to have varying degrees of neurovascu- 
lar compression at the thoracic outlet, most of 
which could be treated conservatively. 


Method for Measuring Conduction 
Velocities 


Each patient was placed on the examination table 
with the arm fully extended at the elbow and in 
about 20° of abduction at the shoulder, to facili- 
tate easy placement of the stimulation unit over 
the course of the ulnar nerve. Three needle elec- 
trodes were inserted serially into the hypothenar 
muscles or the first dorsal interosseous muscle, 
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with the ground electrode placed proximally, the 
reference electrode placed distally, and the 
recording electrode placed in between. In record- 
ing NCVs from the median nerve, the electrodes 
were placed in the thenar muscles in the same 
order described for the ulnar nerve. 

The ulnar nerve was stimulated consecutively 
at four points: (1) At the proximal skin crease on 
the volar aspect of the wrist, about 2 cm proximal 
to the base of the metacarpal bones; (2) medi- 
ally below the elbow, about 2.5 cm distal to the 
medial epicondyle of the humerus; (3) at a point 
over the medial aspect of the upper arm, midway 
between the axillary flexion line and the elbow 
flexion line; and (4) at Erb’s point, located about 
2.5 cm above the clavicle and slightly anterior to 
the edge of trapezus muscle, which is the nearest 
point to the lower trunk of the brachial plexus. For 
stimulation of the median nerve, the stimulation 
unit was placed closer to the lateral head of the 
sternocleidomastoid or slightly more superior. 

Supramaximal stimulation was used at all points 
in order to obtain maximal response. The duration of 
the stimulus was 0.2 ms except for muscular indi- 
viduals, where it was 0.5 ms. Time of stimulation, 
conduction delay and muscle response were recorded 
on the electrophysiologic testing device with time 
markers occurring each millisecond on the sweep. 
The conduction time, or latency of response to stim- 
ulation from the four points of stimulation to the 
recording electrode, were obtained from the digital 
recordings or calculated from the tracing on the 
screen. NCVs were calculated in m/s as the distance 
between two adjacent stimulation points (m) divided 
by the difference in latency (sec). 


Clinical Diagnosis 


The process of clinical differential diagnosis for 
recurrent neurogenic TOS is similar to that for 
patients that have previously undergone surgical 
treatment [5—9]. However, the indications for con- 
sidering a reoperative procedure are more stringent 
than for a primary operation, in that longer periods 
of conservative therapy are usually involved. 

In the group of our patients who were evalu- 
ated for recurrent neurogenic TOS, there was a 
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substantial posterior stump of the first rib (>1 cm) 
remaining in 2,106 patients (all referred from 
outside physicians). Complete resection of the 
first rib at the initial procedure was observed in 
199 patients, in whom recurrent symptoms were 
associated with excessive scar formation on the 
brachial plexus. We had performed the original sur- 
gical procedure on 98 of these 199 patients, for an 
overall reoperation rate of 2.5 % of 3,914 primary 
procedures. Even though some of our patients did 
not return to us for recurrent symptoms, this rate is 
much less than that reported in most other series. 
This may reflect our observation that few surgeons 
remove the rib completely at the time of the initial 
procedure, for fear of injuring the T1 or C8 nerve 
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roots, and that some surgeons also cover the end 
of the rib at the transverse process of the vertebra 
with the scalenus medius muscle. 


Operative Technique 


Posterior reoperations for recurrent thoracic out- 
let syndrome are performed through a muscle- 
splitting incision. Our preferred technique for 
such reoperations is the posterior, high thoraco- 
plasty, muscle-splitting incision, with removal of 
any first rib stump, neurolysis of the C7, C8, and 
T1 nerve roots and the brachial plexus, and a dor- 
sal sympathectomy (Fig. 32.1) [10]. 





Fig. 32.1 Posterior approach for recurrent neurogenic 
TOS. Illustrations depicting surgical technique for poste- 
rior approach to thoracic outlet decompression, with 
removal of any first rib stump, neurolysis of the C7, C8, 
and T1 nerve roots and the brachial plexus, and a dorsal 
sympathectomy. The patient is placed in the lateral posi- 
tion and the incision is made between the scapula and the 
spine (inset). The incision is carried to the trapezius mus- 
cle and the trapezius and rhomboid muscles are split (a). 
After resecting the posterior superior serratus muscle, the 
first rib remnant is identified by retracting the sacrospinalis 


muscle and incising the periosteum, exposed subpe- 
riosteally, and the head and neck of the remnant are 
excised using bone rongeurs (b/—5). The C7, C8 and T1 
nerve roots are identified and protected, and neurolysis is 
carried out to remove all of the surrounding scar tissue is 
removed as far forward as necessary (c). For dorsal sym- 
pathectomy, the head and neck of the second rib are dis- 
sected free and a short segment of the rib is resected (d), 
and the T2 and T3 ganglia, along with the intervening 
sympathetic chain, are exposed and resected (e and f) 
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The patient is placed in the lateral position 
with an axillary roll put under the “down” side. 
The upper arm is placed as for a thoracotomy. 
A 6-cm incision is made with its midpoint at the 
angle of the scapula, halfway between the scap- 
ula and the spinous processes (Fig. 32.1, inset). 
The incision is carried through the skin and sub- 
cutaneous tissue down to the trapezius muscle. 
The trapezius and rhomboid muscles are split 
(Fig. 32.1a). 

The posterior superior serratus muscle is 
resected and the first rib stump is identified by 
retracting the sacrospinalis muscle medially 
(Fig. 32.1b). The electrocautery is used to expose 
the first rib remnant (“stump”) and to open the 
periosteum. A periosteal elevator, or joker, is 
employed to remove the stump subperiosteally. 
The head and the neck of the rib usually have not 
been removed in the initial operation. The rib 
shears are used to divide the rib remnant, and the 
Urschel-Leksell reinforced and Urschel pituitary 
rongeurs are employed carefully to remove the 
head and neck of the rib. The T1 nerve root is 
identified grossly or with the help of a nerve 
stimulator. 

Once the T1 nerve root is identified, neurolysis 
is carried out using a right-angle clamp, 
magnification, a knife, and special microscissors. 
A nerve stimulator may be helpful if extensive 
scatring is present. Neurolysis is extended to the 
C7 and C8 nerve roots and to the brachial plexus. 
All the scar tissue is removed as far forward as 
necessary, so that the nerve roots as well as the 
upper, middle, and lower trunks of the brachial 
plexus lie free. Care is taken not to injure the long 
thoracic nerve or any other brachial plexus branch. 
The subclavian artery and vein are decompressed 
through the same incision (Fig. 32.1c). 

The second rib is dissected free and the cau- 
tery is used to open the periosteum linearly. 
A 2-cm segment of the rib is resected posteriorly, 
medial to the sacrospinalis muscle, in order to 
perform the dorsal sympathectomy (Fig. 32.1d). 
This exposure may also help identify the T1 nerve 
root. After the head and neck of the second rib 
are removed, the sympathetic chain is identified 
on the vertebra, or it may have been separated 
and found to lie on the pleura. The stellate 
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ganglion lies in an almost transverse rather than 
vertical position (Fig. 32.1e). 

The T2 and T3 ganglia are dissected and clips 
are placed above the T2 and below the T3 gan- 
glia. The gray (affegent) and white (efferent) rami 
communicans fibers to the T2 and T3 intercostal 
nerves are clipped and divided. The T2 and T3 
sympathetic ganglia are removed along with the 
interposed sympathetic chain (Fig. 32.1f). The 
electrocautery is used to effect hemostasis and 
to char the area, 0.5 cm wide and 1.0 cm long, 
where the two ganglia and sympathetic chain had 
been removed. This is to discourage sprouting 
and regeneration of neural fibers from the sympa- 
thetic chain. After antibiotic solution is irrigated, 
methylprednisolone acetate and hyaluronic acid 
are also left on the areas of neurolysis to sup- 
press scar tissue formation. The wound is closed 
in layers with interrupted nylon sutures in each 
of the muscle layers, absorbable sutures in the 
subcutaneous tissue, and metal clips in the skin. 
A large round Jackson-Pratt drain is placed in 
the area of neurolysis through a separate stab 
wound 2 cm below the inferior part of the inci- 
sion, with care taken not to incorporate the drain 
while closing the muscle layers. 


Results 


The results of 2,305 procedures showed a moder- 
ately good early effect of a second operation for 
neurogenic TOS: 1,729 patients (75 %) had 
significant improvement, 369 (16 %) had fair 
improvement, and only 207 (9 %) did not improve 
(Table 32.1). Late results (5-year follow-up) in 
528 extremities that underwent a second proce- 
dure revealed 396 (75 %) with good results and 
132 (25 %) with fair to poor recovery; in addi- 
tion, 48 patients (3.1 %) required a third surgical 
procedure. 

The primary technical factors involved in 
recurrence seem to be related to incomplete 
extirpation of the first rib during the initial pro- 
cedure. If a rib remnant is left (as performed by 
many surgeons outside of our group), osteocytes 
can grow from the end of the bone and produce 
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Table 32.1 Results of reoperations in 2,305 patients with recurrent neurogenic TOS 


Outcome category Symptom relief Employment 
Good Complete Full 

Fair Partial Limitation 
Poor None No return 


fibrocartilage and regenerated bone that can in 
turn compress the nerves. The risk of fibrosis 
may be higher in patients who produce keloids, 
in patients where postoperative hematomas are 
not drained, or in patients who undergo exces- 
sive early physical therapy after the first surgical 
procedure. 

The transaxillary or supraclavicular route is 
usually preferred for the initial surgical proce- 
dure in patients with neurogenic TOS. Although 
the posterior approach may be used for primary 
operations, particularly in patients with large first 
ribs or cervical ribs, it is usually employed for 
reoperations. We prefer this approach because 
we believe that rib stumps or regenerated ribs 
can be more easily removed from a “virgin” 
posterior approach and because the nerve roots 
as well as the brachial plexus are easy to iden- 
tify and access from the back. Reoperations for 
recurrent compression also usually incorpo- 
rate a dorsal sympathectomy for causalgia-like 
symptoms, sympathetic maintained pain syn- 
drome, or Raynaud’s phenomenon, which can 
be readily accomplished through the posterior 
approach. 








Recreation limitation No. of patients 

None 1,729 (75 %) 

Moderate 369 (16 %) 

Severe 207 (9 %) 
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and Anna B. Evans 


Abstract 

Postoperative management for neurogenic thoracic outlet syndrome (TOS) 
begins with preoperative preparation of the patient. Obtaining informed con- 
sent includes reviewing with the patient the risks and complications of sur- 
gery, how soon symptoms will subside, and expectations for return to work 
and recreation. Postoperatively, a chest x-ray in the recovery room is obtained 
to detect pneumothorax, to look for apical fluid collection, and to view posi- 
tion of the hemidiaphragm. Medication for nausea, sleep, and pain should 
include anticipation of constipation from narcotics. Other postoperative 
considerations include deep vein thrombosis prophylaxis, diet, ambulation, 
and instructions for postoperative activity and physical therapy. 


Introduction 


There are many variations of postoperative man- 
agement. In this chapter we present a protocol the 
authors have used, and continue to update, for 
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some degree of residual symptoms; only rarely do 
patients note 100 % improvement. (6) The expected 
time off-work depends on the job performed before 
surgery: (a) with sedentary jobs, return may be pos- 
sible in 1-2 weeks; (b) with jobs requiring key- 
board use, absence from work may be necessary 
for 3-4 weeks, and when the patient returns, he/she 
initially works reduced hours, thereafter increasing 
time at work as symptoms allow; (c) for the patient 
whose work involves heavy labor, several weeks 
may be required before returning, and that patient 
might not ever be able to tolerate the rigors of the 
job, with some facing the possibility of a career 
change and job retraining. (6) The time required 
before resuming recreational activities depends on 
the severity of residual symptoms and the degree of 
recovery. (7) An appointment is made with physi- 
cal therapy to explain the postoperative therapy 
routine. The commonly used drugs for pain man- 
agement are listed by categories in the Table 33.1, 
along with dosages and routes of administration. 


Day of Surgery 
Operating Room 


Prophylactic antibiotic (first generation cepha- 
losporin unless patient allergy exists) is adminis- 
tered just prior to the incision. In the operating 
room, even after obtaining complete hemostasis, 
including the use of bone wax on the ends of the 
resected rib, blood and serum drains from the sur- 
faces of the operative field. Therefore, suction 
drainage is always placed (our preferences are a 
19-French round channel drain for transaxillary 
procedures and a 10-French round channel drain 
for supraclavicular procedures). If the pleura has 
been entered, it is not repaired. To avoid post- 
operative pneumothorax, the anesthesiologist 
expands the lung and maintains positive end expi- 
ratory pressure (PEEP) during wound closure. 
Even if the pleura is opened, a separate chest tube 
is not necessary. A small-caliber multi-hole local 
anesthetic infusion catheter is placed either in the 
subplatysmal space if a supraclavicular route is 
used or in the subcutaneous layer in transaxillary 
incisions, with the tip 1-2 cm beneath the incision 
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line for continuous infusion of local anesthetic. 
This catheter distributes local anesthetic and can 
be clamped if the patient experiences numbness 
or weakness, as the medication bathes the brachial 
plexus postoperatively. Injecting local anesthetic 
into the subcutaneous tissue at closure also helps 
to reduces incisional pain. 


Post-anesthesia Care Unit (PACU) 


A portable sitting anteroposterior (AP) chest 
x-ray is taken in deep inspiration. This film, 
available within minutes, allows the surgeon to 
assess diaphragmatic function, completeness of 
rib resection, the presence of intra-pleural air or 
fluid, and the presence of any fluid at the apex 
of the chest. As the patient awakens, evaluation 
of motor and sensory function is performed pro- 
viding reassurance should subsequent weakness 
and/or numbness develop due to the local anes- 
thetic infusion. Postoperative pain control in the 
PACU may be aided by use of a transcutaneous 
nerve stimulator (TNS unit) and by judicious use 
of intravenous narcotics and non-steroidal anti- 
inflammatory drugs. Patient-controlled analgesia 
(PCA) allows the patient to self-manage pain 
after waking from anesthesia. If the PCA is set up 
in the PACU, it becomes available immediately 
upon arrival to the surgical floor, lessening the 
chance of an unchecked increase in postoperative 
pain. A mild-moderate decrease in the hematocrit 
is often seen after surgery, in spite of seemingly 
insignificant intra-operative blood loss. A deter- 
mination of the presence of bleeding that might 
be significant enough to require re-exploration is 
made by evaluating volume and nature of drain 
fluid, vital signs, and chest x-ray appearance. 





Surgical Floor 
Nausea 


A scopolamine patch is placed pre-operatively on 
the patient’s styloid process behind one ear and/ 
or an intravenous anti-emetic (dexamethazone) is 
given. 
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Table 33.1 Potential pharmacological options for pain management following surgical intervention for neurogenic TOS 


Type of medication Primary uses and dose ranges Routes 

Narcotics 

Morphine Breakthrough pain; acute/chronic pain PO, IV, PR 
PO: 10-30 mg Q 3 h; IV/IM: 2.5-15 Q2h 

Comments Start low, titrate to analgesia 

Hydromorphone Breakthrough pain; acute/chronic Pain PO, IV, PR, IM 
PO: 2.5-10 mg Q 3 h; IV/IM: 1-2 mg Q 4-6h 

Comments Start low, titrate to analgesia 

Oxycodone Breakthrough pain; acute/chronic Pain PO 
PO: 5 mg Q6h 

Comments Start low, titrate to analgesia 

Fentanyl Chronic pain PO, IV, IM, TD 
Transdermal: 25mcg Q 72h 

Comments Transdermal formulation outlasts naloxone significantly 

Extended-release Chronic pain PO 

Oxycodone 10mg Q 12h 

Methadone Chronic pain PO, IV, IM, SQ 
2.5-10 mg q 8-12 h 

Comments High risk of accumulation/overdose in titration period 

Skeletal muscle relaxants 

Cyclobenzaprine Chronic pain; adjunct PO 
10-40 mg 

Carisoprodol Chronic pain; adjunct PO 
350 mg TID 

Baclofen Chronic pain; adjunct Oral/intrathecal 
5-10 mg TID 

Methocarbamol Chronic pain; adjunct Oral/injection 


1,500 mg QID 
Tricyclic antidepressants 


Amitriptyline Chronic pain; adjunct PO 
10-150 mg 

Comments Start low, titrate to analgesia 

Nortriptyline Chronic pain; adjunct PO 
10-150 mg 

Comments Start low, titrate to analgesia 

Gabapentin Chronic pain; adjunct PO 
300-1,800 mg/day 

Comments Give in divided doses 

Pregabalin Chronic pain; adjunct PO 
50-300 mg/day 

Comments Give in divided doses 

Non-steroidal anti-inflammatory drugs (NSAIDs) 

Ibuprofen Acute/chronic pain; adjunct PO, IV 
300-800 mg 

Comments Given 3—-4x daily 

Ketorolac Acute/chronic pain; adjunct IV 
10 mg every 4-6 h 

Comments Max: 40 mg/day for 5 days 

Celecoxib Acute/chronic pain; adjunct PO 


200 mg daily</f 
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Hygiene 


The patient may shower after the drain is removed. 
Prior to that time sponge baths are allowed. This 
may require nurse or family assistance. 


Activity 


Assisted walking and bathroom privileges begin 
the evening of surgery. Each subsequent hospi- 
tal day the patient is encouraged to increase 
activity, frequently walking in the hallway 
throughout the day. 


Physical Therapy 


Beginning on the first postoperative day, the 
patient is shown neck and shoulder stretches, 
instructed in diaphragmatic breathing exercises, 
and asked to begin limited wall-climbing or pas- 
sive shoulder abduction, and forward flexion to 
stretch the shoulder and avoid development of a 
frozen shoulder. Postural correction maneuvers 
are started with clear instructions to stop any 
movement that induces “nerve pain” (e.g., par- 
esthesias, burning, cold sensations, or shooting 
pain down the arm). The patient is requested to 
perform exercises throughout the day as toler- 
ated, always stopping immediately upon experi- 
encing the onset of increased pain other than 
incisional pain and muscle soreness. 


Diet 


In the absence of postoperative nausea, the patient 
may eat a select diet on the evening of surgery. 
During the first 24 h, intravenous maintenance 
fluids are provided as needed and as long as the 
PCA is in use. 


Nurse Monitoring 


An oxygen saturation monitor with alarm is uti- 
lized as long as the patient is receiving intrave- 
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nous pain medication. Nasal oxygen is 
administered to maintain adequate oxygenation. 
Intravenous naloxone is ordered if necessary to 
counteract narcotic overdose. 


Incentive Spirometry 


Instruction is given on the use of the incentive 
spirometer and the patient is encouraged to per- 
form deep diaphragmatic breathing exercises 
hourly while awake. 


Anti-embolism Protection 


Sequential compression devices (SCD) are 
worn constantly while in the hospital, removing 
them only when walking or in the lavatory. 
Prophylactic doses of low molecular weight 
heparin are administered in the sub-cutaneous 
abdominal wall daily, beginning 24 h postoper- 
atively and continued until discharge, unless 
contraindicated. 


Pain Management 


Ice is placed on the incision and on the supra- 
clavicular fossa for 0.5 h every 2 h if the patient 
achieves comfort from its use. The patient is 
offered a heating pad if perceived to be beneficial. 
Transcutaneous local anesthetic patches may be 
placed under the arm, on the chest wall, and at the 
supraclavicular fossa, though not directly cover- 
ing any incision. Deep heat rub is placed at bed- 
side to be applied by nursing staff or family a few 
times daily if desired. The PCA with narcotics is 
utilized during the first several postoperative 
hours, transitioning to oral pain medications as 
soon as improvement in pain level allows, usually 
during the evening of the first postoperative day. 


Supportive Medication 


This list includes judicious use of one or more 
muscle relaxants and anti-inflammatory drugs 
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(along with an oral proton pump inhibitor for 
gastric protection), and sedatives for sleep if the 
degree of narcotic sedation allows. 


Anti-constipation Medications 


Use of postoperative narcotics frequently leads 
to constipation and obstipation, contributing 
substantially to patient discomfort. Therefore, 
daily bowel movements should be recorded. The 
patient and nursing staff join in assuring that a 
bowel movement occurs before discharge home 
and that a bowel program which results in bowel 
regularity continues after discharge. If the stan- 
dard regiment fails, we have administered up to 
3 quarts of polyethylene glycol-electrolyte solu- 
tion (e.g., Go-LYTELY, Braintree Laboratories, 
Inc, Braintree, MA) while the patient is still 
in-hospital. 


Drain Management 


Output from the closed-suction drain is recorded 
every 8 h. To prevent air entry into the chest cavity, 
the nurse clamps the drain tubing before emptying. 
The drain can be removed when drainage is serous 
and minimal in amount. If drainage is chylous, the 
drain is left in place until lymph drainage stops. 


Local Anesthetic Infusion Catheter 
This small catheter placed at the time of surgery 


can be removed when the reservoir is empty or at 
discharge. 


Discharge 
Pain 


Prescriptions are given for oral pain medications at 
the same dose as used in the hospital, with the plan 
to taper the level of narcotic used over the next few 
weeks in close communication with the patient. 
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Activity 


The patient is advised against driving while tak- 
ing narcotic pain medications. Walking is encour- 
aged for up to an hour each day. The patient is 
expected to continue the same exercises that were 
performed while in the hospital. Activity is cur- 
tailed if “nerve pain” occurs. 


Physical Therapy 


Formal physical therapy sessions are scheduled to 
begin 1-2 weeks following hospital discharge. 


Follow-Up 


The patient is instructed to call the surgeon with 
any concerns. Office follow-up may occur any- 
where from | week to 1 month after discharge. 
Often, immediate postoperative discomfort, 
which must simply be tolerated, will substan- 
tially resolve by | month after the operation. 


Return to Work 


The ability to safely and effectively return to 
one’s job depends on the specific type of work 
and the extent of any residual symptoms. This 
is discussed with the patient both preopera- 
tively and again in the first few weeks after dis- 
charge. For out of town patients, if the patient 
is doing well, a phone call discussion may 
suffice to determine the appropriate timing for 
return to work. When possible, we encourage 
returning to work part-time at least for the first 
several days. 


Post-discharge Problems 
Sensory Nerve Dysfunction 


In the presence of intact motor nerve function 
of the upper extremity, dysfunction of sensory 
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nerves of the brachial plexus, as manifested 
by paresthesias, can be expected to eventually 
resolve. Initial therapy is simply reassurance. 
However, cutaneous sensory nerves sometimes 
present a different problem. The second inter- 
costal-brachial cutaneous and supraclavicular 
sensory nerves are often temporarily irritated 
and can present with burning pain, hyperes- 
thesia, or dysesthesia. These symptoms often 
improve with time or by gently rubbing the pain- 
ful area (for example with a hairbrush) repeat- 
edly throughout the day over several weeks. 
If these symptoms persist after 3-4 months, 
we consider injection with a depot steroid and 
local anesthetic. If the injection gives only tem- 
porary relief, permanent relief can be obtained 
by neurectomy, going through the old incision 
under local anesthesia and excising the injured 
nerve. It is important to carefully localize the 
offending nerve prior to surgical exploration, 
as these small nerves can be difficult to find at 
operation. 


Motor Nerve Dysfunction 


Motor nerve injury can occur from cutting, trau- 
matizing, or stretching a nerve. If transected, the 
nerve should be repaired if it is recognized at the 
time of operation. Trauma and stretch injuries 
can only be monitored, but electrodiagnostic 
studies do not demonstrate injury for the first 
4—6 weeks postoperatively. Physical and occupa- 
tional therapy, as directed by a physiatrist, is the 
mainstay of treatment. 


Muscle Soreness 


Patients can experience discomfort and muscle 
tightness occurring in muscles that have not been 
cut or dissected, including the sternocleidomas- 
toid, trapezius and rhomboid muscles. When 
present, physical therapy modalities, heat, and 
gentle stretching are utilized to relax and physi- 
ologically stretch painful, contracted muscles. 
Occasionally, injection of local anesthetic can 
assist in muscular relaxation. 
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Chest Wall Pain 


Following pectoralis minor tenotomy, chest wall 
pain is treated with ice therapy, anti-inflammatory 
agents, transdermal analgesics, and progressive 
range-of-motion exercises, halting if and when 
they become uncomfortable. If persistent after 
2-3 months, steroid and local anesthetic injec- 
tions may also be administered. 


Chronic Regional Pain Syndrome (CRPS) 


Rarely, a patient may manifests symptoms of 
coldness, hypersensitivity to touch, and burning 
pain. This suggests the presence of chronic 
regional pain syndrome (CRPS; previously 
termed “reflex sympathetic dystrophy” or RSD). 
This condition can be diagnosed and treated with 
a stellate ganglion cervical sympathetic block 
with local anesthetic, followed by initial treat- 
ment with physical therapy. 


Delayed Recovery 


Failure of the patient to steadily progress and 
improve following well-performed brachial 
plexus decompressive surgery raises the ques- 
tion of other pain generators. Diagnostic studies 
and appropriate consultations are initiated to find 
a solution. 





Postoperative Pain Management 
in Thoracic Outlet Syndrome 


Matthew Becher, Nicholas Bennett, 
and Anna B. Evans 


Pain in neurogenic TOS precedes surgical inter- 
vention and is a consequence of surgery, resulting 
from inflammation due to tissue trauma inflicted 
during the surgical dissection and during nerve 
decompression [1]. Opioids have been the main- 
stay for treating moderate-to-severe postopera- 
tive pain; however, a multimodal approach for 
pain management is now preferred. 
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Narcotics 


Opioids can have an important role immedi- 
ately following surgery and to control chronic 
pain associated with neurogenic TOS. The 
variety of routes of administration and rapid 
onset of action make opioids a popular choice. 
Opioids act in the central nervous system 
(CNS) via the mu (OP3) opioid receptor to alter 
pain perception [1, 2]. Immediate-acting opi- 
oids are favorable in the inpatient setting and 
for breakthrough pain associated with chronic 
therapy. However, their effects decline rela- 
tively quickly. Sustained-release, longer-acting 
agents may keep a patient more comfortable, 
both in-hospital and after discharge. Opiates 
have many side effects: respiratory rate depres- 
sion, sedation, hypotension, nausea, and obsti- 
pation are frequently seen during therapy [2]. 
Naloxone reverses the undesired effects of opi- 
ates. The opiate and its formulation should be 
taken into account; some opiates can outlast the 
effect of naloxone (particularly with extended- 
release and transdermal preparations). If a 
patient is to be on opioids chronically, a medi- 
cation regimen to prevent constipation should 
be concomitantly instituted. 


Muscle Relaxants 


Muscle relaxants produce analgesia via CNS 
depression and alteration of pain perception [3]. 
Animal studies support mechanisms by which 
analgesia may also be produced through effects 
on serotonin receptors by cyclobenzaprine and 
on nociceptors by baclofen [4, 5]. Given the 
pathophysiology of neurogenic TOS and the 
mechanism of action of these agents, muscle 
relaxants may be used adjunctively with opioids 
for the treatment of chronic pain associated with 
TOS. In the absence of spasticity issues, these 
agents have little to no benefit post-operatively. 
Caution should be advised when combining these 
medications with other CNS depressants, such as 
opioids. Of all muscle relaxants, carisoprodol has 
the most addictive potential and may be best used 
for only 2-3 weeks at a time [6]. 


245 





Anti-depressants 


While not FDA-approved for the treatment of 
pain, tricyclic antidepressants (TCAs) are widely 
used in the management of pain for patients, with 
or without concomitant diagnosis of depression 
[3]. It is thought that the analgesic activity of 
TCAs is due to the re-uptake inhibition of norepi- 
nephrine and serotonin, and possibly potentiation 
of endogenous opioids. The inability of other 
serotonin inhibitors to produce marked analgesia 
indicates that the mechanism of TCA-produced 
analgesia is not completely understood. TCAs 
can be beneficial as adjunctive treatment to other 
therapies, not only augmenting pain relief, but 
also by treating concurrent depressive symptoms 
resulting from chronic pain. Due to their sedating 
effects, TCAs may also benefit patients by aiding 
sleep. The practitioner should inform patients 
that associated side effects often diminish with 
time, but that significant pain relief may require 
several weeks of therapy. While other classes of 
antidepressants have been used in the treatment 
of pain, the analgesia they produce is inferior to 
that of TCAs. 


Nonsteroidal Anti-inflammatory 
Drugs (NSAIDs) 


NSAIDs have been shown to be effective in a 
wide variety of postoperative pain states, includ- 
ing after thoracotomy [1]. These agents can 
be used preemptively prior to noxious stimuli, 
alone for mild to moderate pain, or in combina- 
tion with opioid analgesics or local anesthetics 
to treat severe postoperative pain. The benefits 
of combining NSAIDS with morphine in the 
immediate postoperative period include not 
only improved pain control, but possible reduc- 
tion of narcotic consumption, thereby offering 
the possibility of reduced postoperative nausea 
and vomiting, sedation and pruritus. The most 
commonly reported adverse effects associated 
with NSAIDS include surgical bleeding, gastro- 
intestinal bleeding, oliguria, and renal failure. 
Factors that increase the risk for gastrointesti- 
nal ulcers and bleeding with NSAID use should 
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be reviewed prior to initiating NSAID therapy. 
Cyclooxygenase-2 (COX-2) inhibitors may also 
be considered for postoperative pain manage- 
ment after TOS surgery. They are as effective 
as ketorolac in reducing pain and inflammation; 
however, are less likely to cause gastrointestinal 
ulceration or to promote bleeding. 


Anticonvulsants 


The symptoms of neurogenic TOS are associated 
with nerve irritation, resulting in pain, numbness, 
burning, prickling, itching, tingling, and weakness 
in the arm and hand. Following surgical interven- 
tion, tissue injury is known to cause a heightened 
response from the spinal cord, hyperalgesia, 
central sensitization and surgically-induced neuro- 
pathic pain [1]. Both gabapentin and pregabalin 
are indicated for the management of chronic 
neuropathic pain and may be considered in the 
multimodal approach for treating acute postopera- 
tive pain. In a recently published review [7], Dauri 
et al. concluded that both gabapentin and pregaba- 
lin are effective in reducing pain intensity and opi- 
oid consumption; however, the optimal dose, 
duration, and surgical population have yet to be 
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established. Both gabapentin and pregabalin are 
well tolerated, with somnolence and dizziness 
being the most frequently reported side effects. 
Evidence supports tapering these agents to reduce 
the risk of adverse effects after chronic use. 
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Abstract 

It is clear to all that patients with neurogenic thoracic outlet syndrome 
(NTOS) require rehabilitation following first rib resection. The post-surgical 
treatment protocol described below has been designed using published 
research evidence together with 22 years of clinical experience treating pre- 
and post-surgical patients with (NTOS). Breathing training is performed 
before and after surgery. Pre-surgical breathing training is focused on relax- 
ing the accessory breathing muscles by emphasizing the diaphragm. This 
helps to unload the hyperactive accessory breathing muscles. Post-operative 
training emphasizes diaphragmatic breathing to reduce the mechanical load 
on the surgical site but also emphasizes periodic full inhalation to maximize 
lymphatic flow and mobilize the brachial plexus in an attempt to reduce 
excessive scar formation around the surgical site. Manual cutaneous and 
subcutaneous mobilization of the scar, once it is healed enough to tolerate 
gentle stretching, is addressed, as are range of motion exercises to empha- 
size restoration of both neural and musculoskeletal movements. Retraining 
of the core stabilizers is helpful, as is cardiac re-conditioning with walking 
training. Finally, periods of rest are encouraged to minimize the opportunity 
of over-exercise and the symptom flares that this can cause. 


Introduction it is both painful (leading to immobility) and 


intrinsically produces alterations in function. For 


Patients with neurogenic thoracic outlet syn- 
drome (NTOS) have symptoms that can benefit 
from appropriate physical therapy treatment. 
When a patient has an operation to remove the 
first rib and scalene muscles, however performed, 
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both these reasons, rehabilitative physical therapy 
is critical in the treatment of such patients, both 
pre-operatively and post-operatively. 

The major focus in active and passive rehabili- 
tation after first rib resection is threefold: first, to 
restore maximum pulmonary status; second, to 
restore and maintain flexibility of the brachial 
plexus during the healing process; and third, to 
gradually help restore the ability to practice 
activities of daily living (ADL) during the 
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recovery process. The psychosocial benefits of 
working closely and continuously with a thera- 
pist, who expresses care and concern for the 
patient during the long healing process, as well, 
is likely very beneficial. It is ideal if the patient 
has some experience with TOS-directed physical 
therapy (for example, diaphragmatic breathing) 
prior to surgery so they will have learned the 
exercises that they will need to continue after sur- 
gery. Finally, demonstration of a commitment to 
self-management pre-operatively probably pre- 
dicts the patient’s willingness to follow through 
with the exercises that can maximize the poten- 
tially successful surgical outcome. 

Does physical therapy have any objectively - 
demonstrable benefits? Imaging studies (ultra- 
sound) demonstrate that the amount of movement 
of the neck and shoulder girdle can change the 
space around the brachial plexus by more than 
100 % [1-3]. It can also be demonstrated that the 
brachial plexus can move distally with move- 
ments of the arm and proximally with movements 
of the neck. In addition the plexus can also be 
made to bowstring in a cephalad direction over 
the first rib as the first rib elevates under the plexus 
with inhalation. [1] All of these movements can 
be beneficially altered by proper training. In addi- 
tion, one can hypothesize that this degree of 
movement within the TO can act as a lymphatic 
pump. The lymphatic flow from the lower body, 
trunk, left arm and head drains through the left 
thoracic duct on its way back to the heart; whereas 
the lymphatic drainage to the right thoracic duct 
only includes lymph from the right arm and head. 
Therefore in a case of thoracic outlet decompres- 
sive surgery there is an increased lymphatic load 
on left TOD as compared to right TOD. The 
valves in the lymph vessels prevent backflow. It is 
likely, since the thoracic duct and the right lym- 
phatic duct drain into the chest, the negative intra- 
thoracic pressure during inhalation/exhalation 
aids lymphatic and venous circulation. 


Breathing: Theory, Goals and Method 
Many therapists believe that the most important 


factor upon which treatment rests is the pattern of 
breathing. Skilled breathing is required to restore 
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maximum post operative pulmonary status. 
A goal is to return forced vital capacity to normal 
limits (3000+ cc). The specific goals of breathing 
training are to reduce stress at the surgical site 
(diaphragmatic inhalation), to mobilize the bra- 
chial plexus to assist in producing adequate elas- 
ticity as it heals, and to lower ribs two through 
five. 

Breathing training should be started as soon as 
the patient can tolerate it following surgery. 
Patients should be trained to start with relaxed 
diaphragmatic breathing (50 % inhalation) to 
reduce stress on the surgical site. The patient 
should then practice periods of diaphragmatic 
breathing plus intercostal breathing (75 % inhala- 
tion) to mobilize the rib cage and, finally, end 
with accessory sternal breathing (inhale 100 %) 
to encourage movement of the brachial plexus, 
maximize lymphatic decongestion and maximize 
expansion of the upper lobes of the lungs. Caution 
must be used to ensure that the inhalation does 
not cause an increase in or production of symp- 
toms. This is of importance in the case of bilat- 
eral disease where staged intervention is 
considered. While sternal breathing is appropri- 
ate for the post-operative side, a 100 % breath 
can be contraindicated for the not-yet operated 
upon side. 


Healing 


A worthy goal of therapy is to minimize scar tis- 
sue formation, both externally and within the 
body (1.e., surrounding the brachial plexus). The 
patient should be trained to mobilize the surgical 
site to minimize scar formation and limit any 
tethering of the neural elements. 

The scar can be mobilized manually, once it 
has healed enough to tolerate gentle movement 
with the fingertips. The tension free motion of the 
upper limb can be measured before and after scar 
mobilization and a significant increase in mobil- 
ity should be achievable (Figs. 34.1, 34.2, 34.3, 
34.4 and 34.5) 

Within the body, scarring around the bra- 
chial plexus can be mobilized using breathing 
exercises. This can be done with the neck in 
varying degrees of rotation and lateral bending 
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Fig. 34.1 Left ULTT: 
ending position. Brachial 
Plexus tension point 
pre-treatment. Assess 
symptoms at starting 
position. With the wrist in 
neutral flexion/extension and 
the fingers extended the arm 
on the surgical side is 
abducted until the patient 
feels an increase in tension, 
either at the surgical site or 
in the arm 


Fig. 34.2 Left scar self 
mobilization caudally. 

A treatment to mobilize the 
scar is performed manually 


and during various positions of the arm. Such 
positions are designed to change the resting 
length of the nerve roots of the brachial plexus. 
Finally, the scar can be mobilized by move- 
ments of the shoulder girdle (elevation and 
protraction), as well. 

Increasing the range of motion (ROM) of the 
musculoskeletal and neural systems is also criti- 
cal. In order to assess ROM and decide whether 
limitations are due to neural irritability or muscu- 
loskeletal restriction, all joints in the upper 
extremity should be moved to the point of ten- 
sion. If tension-free range ROM can be improved 








by breathing modification or by slackening the 
nervous system distal to the site of maximum irri- 
tation by positioning, neural irritation is the 
source of limitation. If treatment involving gentle 
mobilization of the surgical scar results in an 
increase in tension-free ROM, the restriction is 
due to fascia and/or scar tissue rather than muscu- 
loskeletal limitation. If the initial ROM was as in 
Fig. 34.1 and shrugging the scapula results in an 
increase, like Fig. 34.5, then this restriction is 
neural [1, 4]. If the restriction is like Fig. 34.1 and 
scar mobilization or breathing does not increase 
ROM, then the shoulder should be examined 
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Fig. 34.3 Left scar self 
mobilization cephalad. 

A treatment to mobilize the 
scar is performed manually 


Fig. 34.4 Left scar self 
mobilization caudally and 
cephalad. A treatment to 
mobilize the scar is 
performed manually 


further by assessing whether there is capsular 
restriction in the glenohumeral joint. 

The patient should be trained to perform 
ROM movements of the joints of the extremity 
beginning distally and working proximally with 
the goal of regaining full ROM in all joints while 
avoiding irritation of the nerves at the surgical 
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site. For example, begin with the wrist and 
fingers, combining full flexion and extension, 
followed by forearm supination and pronation. 
The elbow should be moved in flexion, and 
extension. If there is tension that limits full 
ROM, the patient can be trained to activate the 
shoulder/scapular elevators (“shruggers”) to 
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Fig. 34.5 Left ULTT: ending position. Brachial Plexus 
tension point post-treatment. Assess symptoms at ending 
position. Immediately post-treatment the arm is again, 
measured by abduction. The ROM was increased (wrist 


slacken the brachial plexus. Lastly, have the 
patient move the shoulder joint and scapula in 
all directions. This is best performed by lying on 
one’s side (the non-surgical shoulder) for scapu- 
lar movements and supine for glenohumeral 
motion. 


Ratio of Activity and Rest 


It is important to develop a carefully graded 
exercise routine that builds on success and does 
not result in over exercise and the resulting 
symptom flare that can occur. Breathing exer- 
cises should be done four times a day for as 
many minutes as can be handled without an 
increase or production of pain (which generally 
will be from 5 to 20 min). A general rule is to 
increase “up time” and functional activities by 
no more than 10-20 % from any previous day. 
Pressure feedback (see Chap. 23) can be used to 
retrain the abdominal mechanism to stabilize 
the lumbar spine, lower the rib cage and monitor 
symptom production, as well as, to retrain the 
deep neck flexors that stabilize the cervical 
spine and hence unload the surgical site [5—7]. 


and finger extension), thereby demonstrating the efficacy 
of the technique. The patient is instructed to perform the 
same self-assessment, pre-treatment and post-treatment to 
prove the efficacy of the maneuver 


The scapular muscles (serratus anterior, lower 
trapezius, and rhomboids) [2, 8] can be retrained 
if they are weak. Finally, walking should be 
done initially for short time periods only, fol- 
lowed by gradually increasing time and distance 
as symptoms allow. While walking, note whether 
or not the arms can swing without pain. In the 
early post-operative period it may be helpful to 
periodically support the arms with hooking the 
thumb to a belt or support the arms with a fanny 
pack or a sling. 


Conclusion 

It is important for the therapist and patient to 
remember that the need for surgery was 
because the NTOS, even if responsive to a 
conservative physical therapy program, was 
not responsive enough to restore the level of 
function that is desired. In more chronic 
patients, there is sensitivity in the nervous 
system that can take several months to calm 
down following surgery. It is not desirable to 
have to deal with flares that are due to this 
sensitivity and the patient should be guided by 
the therapist in monitoring activity and rest, 
so as to minimize these flares [9]. 
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Abstract 

The diagnosis and management of thoracic outlet syndrome (TOS) is chal- 
lenging and controversial. The symptoms seen in TOS patients depend on 
which structures are affected in the thoracic outlet. The most common 
form of TOS is the neurogenic TOS (NTOS), which frequently can cause 
neuropathic pain (NP). Treatment strategies for NTOS patients include 
minimally invasive therapies, muscle relaxants, anti-inflammatories and 
analgesics, trigger point injections or surgery. Treatment for NP will also 
include medications that target peripheral and central nerves or different 
cytokines affecting the sensitivity of sensory neurons to painful stimuli. 
The pharmacological treatment is challenging and patients often need to 
be treated with more than just one medication. Antidepressants, 
alpha-2-delta calcitum-channel ligands, and topical lidocaine are consid- 
ered as first-line treatments for NP in recent evidence-based recommenda- 
tions. Tricyclic antidepressants (TCA) are established to be efficacious for 
several different types of NP and the antidepressant effect may be 
beneficial, because depression is acommon concomitant disease in patients 
with chronic pain. Selective serotonin reuptake inhibitors are better toler- 
ated than TCA’s, they are superior to placebo, but show only a weak 
analgetic effect. Anticonvulsants are a further important group. 
Carbamazepine, a sodium-channel blocker, has shown efficacy in the treat- 
ment of some forms of NP. Gabapentin is approved by the U.S. Food and 
Drug Administration for the treatment of postherpetic neuralgia (PHN). 
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The pain relieving effects of pregabalin have been demonstrated in 
randomized controlled trials. Lidocaine patches are used as supplemental 
therapy. The benefits of opioids have been proven in RCT’s in central and 
peripheral NP. Pharmacological treatment of NP associated with TOS is 
challenging. Combination therapy appears useful and pain relief in NP 


patients is often achieved at the expense of unwanted systemic side effects. 
Clinical trials looking at pharmacological treatment of NP in patients with 


NTOS are lacking. 








Thoracic Outlet Syndrome 


The etiology, diagnosis, and management of tho- 
racic outlet syndrome (TOS) is challenging and 
controversial. One of the most important com- 
plaints of NTOS patients is pain. Pain reduction 
is therefore the primary goal in NTOS treatment. 
Treatment strategies include minimally invasive 
therapies (physiotherapy, ergonomic and pos- 
tural correction or work limitation), medications 
such as muscle relaxants, anti-inflammatories 
and analgesics, trigger point injections or sur- 
gery [1]. Typically, the treatment will also include 
medications targeting neuropathic pain. Entrap- 
ment syndromes, such as TOS, frequently cause 
NP [2]. NP is defined as “‘pain arising as a direct 
consequence of a lesion or disease affecting the 
somatosensory system” [3]. The temporal char- 
acteristics of the pain (continuous, paroxysmal) 
and quality (i.e., heat and cold intolerance, burn- 
ing, shooting) vary a considerable amount. Due 
to the nerve injury, an up- or down-regulation of 
numerous receptors and ion channels in the 
peripheral nerves and the spinal cord neurons 
are encountered. These targets are sodium and 
calcium channels, as well as heat-, cold-, hista- 
mine, adrenergic, and GABA-receptors. Patients’ 
complaints of a specific quality of pain may cor- 
relate with which receptors are affected. For 
example, patients suffer from heat or cold hype- 
ralgesia when thermal receptors are upregulated. 
Similar actions are seen in adrenergic or hista- 
mine receptors. Another pathologic mechanism 
is an injury induced inflammatory reaction, 
which causes an activation of macrophages 
releasing cytokines that increases the sensitivity 
of sensory neurons to painful — stimuli. 


Understanding these mechanisms may provide a 
better rationale for choice among various treat- 
ment possibilities [4]. Pharmacological treat- 
ment is the most important option for NP [5], yet 
treatment is difficult and there is no single agent 
that shows good efficacy for all patients. 
Treatment must be individualized, considering 
comorbidities and their treatment, individual 
risk of drug use, possible drug overdose or abuse, 
and cost [6]. 

There are several guidelines and reviews on 
pharmacological treatment of NP developed 
among others from the International Association 
for the Study of Pain, Neuropathic Pain Special 
Interest Group [7], the Canadian Pain Society [8], 
and the European Federation of Neurological 
Societies Task Force [9]. These recommenda- 
tions are based on randomized controlled trials 
(RCT’s) of neuropathic pain conditions. Most 
large RCT’s included patients with diabetic 
peripheral neuropathic pain (DPNP) and posther- 
petic neuralgia (PHN), and only a few smaller 
studies explored other conditions. There is scant 
direct scientific evidence regarding the treatment 
of NP associated with NTOS, and the recommen- 
dations in this chapter stem from extrapolating 
treatment results from the more well-studied NP 
conditions. 

These recent evidence-based recommenda- 
tions consider antidepressants (tricyclic anti- 
depressants, norepinephrine and _ serotonin 
reuptake inhibitors), alpha-2-delta calcium- 
channel ligands (gabapentin and pregabalin), 
and topical lidocaine (lidocaine patch 5 %) 
as first-line treatments for NP [10, 11]. In the 
next section, we give a short overview of these 
recommendations. 


35 Pain Management in Neurogenic Thoracic Outlet Syndrome - Pharmacologic Strategies 


255 





Antidepressants 


Tricyclic antidepressants (TCA) are established 
to be efficacious for several different types of NP 
[12]. They inhibit the presynaptic neuronal 
reuptake of amines, such as norepinephrine and 
serotonin,andblockpostsynapticalpha-adrenergic, 
H1-histaminergic and muscarinic cholinergic 
receptors, leading to an increased bioactive avail- 
ability of these neurotransmitters and resulting in 
their increased inhibitory effects on the nocicep- 
tive pathway. The tertiary amines (i.e. imip- 
ramine) have a broader spectrum of activity than 
the secondary amines (i.e. desipramine and nor- 
tryptiline). Different TCA agents have in addition 
different effects on monoamine reuptake. The 
number needed to treat (NNT) (i.e., the number 
of patients that need to be treated to reduce 50 % 
of the pain intensity in one patient in a clinical 
trial) for TCA in NP ranges from 2 to 4 [13]. The 
antidepressive effect does not impair the analge- 
sic properties and may be beneficial, because 
depression is a common concomitant disorder in 
patients with chronic pain. 

Because TCA’s interact with multiple trans- 
mitter systems, they also have diverse side effects. 
Amitriptyline and other tertiary amines show 
more side effects than nortriptyline and other sec- 
ondary amines. Therefore secondary amines are 
the favored TCA when side effects are a predom- 
inant concern. Frequent adverse events are mostly 
due to the anticholinergic properties and are 
described in Table 35.1. Fewer side effects are 
seen when patients are started on a low dose and 
titrated to higher doses [14, 15]. 

Selective serotonin reuptake inhibitors (i.e. 
fluoxetine) seem to be better tolerated than TCA’s 
but there are only small studies of this agent in 
patients with NP, mostly in DPNP, low back pain 
and fibromyalgia. In relieving NP they are supe- 
rior to placebo but show only a weak analgesic 
effect [16]. 

The efficacy of selective serotonin/norepi- 
nephrine reuptake inhibitors such as venlafaxine 
for treating neuropathic pain is controversial. 
Potential for analgesia is suggested by its mecha- 
nism of action. NNT of 3.1 for pain relief in NP is 
described in a single trial [17], but other RCT’s 


including various peripheral, central, and post- 
mastectomy NP states show inconsistent or even 
negative outcomes [18, 19]. A lower dosage may 
be associated with less pain relief due to areuptake 
inhibition of only serotonin, whereas higher dos- 
age inhibits both serotonin and norepinephrine 
reuptake providing better pain relief [20]. 

Duloxetine is a potent inhibitor of both sero- 
tonin and norepinephrine reuptake. It shows a 
balanced affinity for serotonin and norepineph- 
rine transporters which is in contrast to venlafax- 
ine [15]. Duloxetine is approved by the Food and 
Drug Administration for some chronic pain- 
related diseases including fibromyalgia and 
DPNP. It has been studied in three RCT’s with 
DPNP patients [21-23]. The NNT was 5.1 [24], 
and significantly lower pain scores were seen in 
comparison with patients receiving placebo. 
Response was noted within days of starting ther- 
apy and this has been attributed to this agent’s 
activation of both receptors [25, 26]. 





Anticonvulsants 


The unfavorable adverse effect profile of TCA’s 
has elevated gabapentin to be used commonly as 
a first-choice treatment for NP [27]. Anticonvulsant 
drugs are used for NP because neuronal hyperex- 
citability and corresponding molecular changes in 
NP show similarities to the changes in certain 
forms of seizure disorder. Clinical trials have 
shown the efficacy of carbamazepine, a sodium- 
channel blocker, in the treatment of trigeminal 
neuralgia, DPNP and postherpetic neuralgia [28]. 
It has a NNT of 1.7 [29]. But this older agent is 
associated with frequent drug-related toxicity, 
including bone marrow suppression and hepatic 
toxicity. Gabapentin, a gamma-aminobutyric 
acid (GABA) analogue, was developed as an 
antiepilepsy drug. Despite its structural similar- 
ity to GABA, it does not have a relevant GABA- 
related binding site [30]. Rather, it binds to the 
alpha-2-delta subunit of voltage-gated calcium- 
channels leading to a blockade of the channels 
and inhibiting the release of norepinephrine, sub- 
stance P, and glutamate [23, 30, 31]. This effects 
the transmission of nociceptive neuronal traffic 
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following tissue damage from peripheral recep- 
tors to the central nervous system where the neu- 
ronal impulses are converted to the sensation of 
pain. Large clinical trials since the mid-90s dem- 
onstrate the efficacy of gabapentin in reducing 
NP of various types [14]. Gabapentin has U.S. 
Food and Drug Administration approval for the 
treatment of postherpetic neuralgia (PHN). It is 
also effective in DPNP and mixed NP states. The 
NNT in NP of all conditions is in high and low 
dose 5.1 [14]. Gabapentin requires slow upward 
titration to minimize side effects, although it is 
generally safe. Importantly, it does not have rel- 
evant drug-drug interactions. 

Pregabalin, also binds to calcium channels on 
central terminals of primary afferent nociceptors 
and has a NNT in patients with PHN and DPNP 
of 4.2 for daily doses ranging from 150 to 600 mg 
[14]. Its efficacy in pain relief has been demon- 
strated in RCT’s in PHN [32, 33], in DPNP [34], 
and in relieving central NP [35]. The dose-depen- 
dent side effects are similar to those of gabapen- 
tin. As with gabapentin, the dose needs to be 
reduced in patients with renal impairment and in 
elderly patients. There are no comparative 
efficacy trials available to guide the choice of one 
agent over another. 


Topical Agents 


Pain relief in NP patients is often achieved at the 
expense of unwanted systemic side effects. 
Three types of topical preparations provide pain 
relief: Capsaicin, NSAID preparations and local 
anesthetics. The most often used are lidocaine- 
based topical medications. Lidocaine patches, 
creams and gels are peripherally acting topical 
analgesics without substantial systemic side 
effects. They should be applied to intact skin 
only. They nonspecifically block sodium chan- 
nels on small damaged afferent fibers but do not 
interfere with normal conduction of impulses in 
large sensory fibers. They provide pain relief by 
producing local analgesia [36]. The 5 % lido- 
caine patch is approved for PHN, but is also used 
for peripheral neuropathy and myofascial pain. 
In patients with PHN and allodynia lidocaine 
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patches have been shown to alleviate pain better 
than vehicle-controlled (placebo) patches [37]. 
The NNT as a supplemental therapy in patients 
with regional pain in various localizations of 
peripheral NP is 4.4 [14]. Lidocaine patches 
should be used carefully in patients treated with 
antiarrhythmic medication or with hepatic 
dysfunction. 


Opioids 


Opioids work as agonists at the pre- and postsyn- 
aptic opioids receptors. The benefits of opioids 
have been proven in RCT’s in central and periph- 
eral NP [7, 9]. Oral morphine has been shown to 
have a NNT in patients with PHN, DPNP and 
phantom limb pain of 2.5. NNT for oxycodone in 
DPNP and PHN patients is 2.6 and tramadol, a 
weak opioid that also inhibits serotonin and nor- 
epinephrine reuptake, was shown to have a NNT 
of 3.9 in PHN patients [14]. Similar reduction of 
pain was achieved with opioids when compared 
with antidepressants, but patients had greater sat- 
isfaction with opioids [38]. However, there have 
been more frequent side effects after treatment 
with opioids than with TCA’s and anticonvul- 
sants. Although opioids have been shown to 
relieve pain in patients with NP, they have not 
been shown to improve function [39]. Moreover, 
opioids are problematic in chronic pain condi- 
tions such as NP because patients develop toler- 
ance and physical dependence to them, although 
they rarely develop overt addiction. 





Combination Therapy for NP 


The complexity of NP reflected in the variety of 
receptors involved offers different points of action 
for analgesic agents, thus combination therapy 
may be useful in those that fail to adequately 
respond to a single agent. The rank order of the 
processes leading to NP have not yet been deter- 
mined, and patients often need to be treated with 
more than just one medication, although there 
have been few trials evaluating combination ther- 
apies. Combination therapy appears useful for 
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gabapentin and morphine resulting in decreased 
pain intensity and improvement in physical activ- 
ity and health-related quality of life in patients 
with PHN, DPNP and NP after spinal cord injury 
[2, 40, 41]. Combined gabapentin and nortrip- 
tyline demonstrates greater efficacy than either 
drug given alone for NP [42]. 

It is still unclear why some TOS patients 
develop NP. Risk factors such as age, gender, 
pain before and after the lesion, and emotional 
and cognitive status are just a few of the known 
risk factors. Pharmacological treatment of NP 
after TOS is, as in other chronic diseases, chal- 
lenging. Clinical trials looking at pharmacologi- 
cal treatment of NP in patients with NTOS are 
needed, but the relative rarity of the condition 
makes recruiting adequate numbers of patients 
for such trials challenging. 
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Pain Management in NTOS - 3 6 
Advanced Techniques 


Joshua Prager 


Abstract 

When thoracic outlet syndrome (TOS) causes chronic neuropathic pain, or 
in rare cases causes complex regional pain syndrome (CRPS), a wide vari- 
ety of advanced therapies can be used to treat the chronic, debilitating pain 
of neurogenic thoracic outlet syndrome (NTOS). Chronic pain treatment 
algorithms typically begin with less invasive, reversible therapies and 
those that have few side effects. Thus, physical therapy and non-narcotic 
medications are used first, often in conjunction with behavioral therapy. 
These may be followed by more potent analgesics, nerve blocks, neuro- 
stimulation, or medication infusions into the spinal fluid by implantable 
pumps, and finally by neuroablation. Unlike neuroablation, neurostimula- 
tion (spinal cord stimulation, peripheral nerve stimulation, deep brain 
stimulation, and motor cortex stimulation), intrathecal drug delivery, and 
ketamine infusions spare nerve tissue and can be reversed or discontinued 
if necessary. Consistent definitions of pain types by the International 
Association for the Study of Pain (IASP) have allowed indications for 
these therapies to be refined. Continuing elucidation of the anatomy, phys- 
iology, and psychology of pain, as well as recommendations for best prac- 
tices, have been the focus of study by The North American Neuromodulation 
Society and the International Neuromodulation Society. A host of techni- 
cal advances in equipment also support pain practitioners in managing the 
pain of NTOS more effectively. 


Introduction 


When a delay in diagnosis or treatment of tho- 
racic outlet syndrome (TOS) causes chronic neu- 
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Fig. 36.1 Spinal cord stimulator and intrathecal drug 
delivery devices used in neuromodulation. (a) Spinal cord 
stimulator, RestoreSensor® Neurostimulator. Implantable 
pulse generators come in battery-operated or rechargeable 
models. Battery life is 2-5 years, depending on the 


emphasize a step-wise approach to treatment, 
beginning with less invasive, reversible thera- 
pies and those that have few side effects. In this 
schema physical therapy and non-narcotic medi- 
cations are used first, often in conjunction with 
behavioral therapy. These may be followed by 
more potent analgesics, nerve blocks, neuro- 
stimulation or medication infusions into the 
spinal fluid by implantable pumps, and finally 
by neuroablation, which is fraught with com- 
plications, irreversible, and not uniformly effec- 
tive [1]. Unlike neuroablation, the therapies 
discussed here spare nerve tissue and can be 
reversed or discontinued if necessary. Consistent 
definitions of pain types by the International 
Association for the Study of Pain (I[ASP) have 
allowed indications for these therapies to be 
refined. The North American Neuromodulation 
Society and the International Neuromodulation 
Society serve as forums for continuing elucida- 
tion of the anatomy, physiology, and psychol- 
ogy of pain, as well as recommendations for best 
practices as successive technical improvements 
have been made. Collectively, neurostimulation 
and intrathecal drug delivery (IDD) are termed 
neuromodulation. 
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stimulation level (Reprinted with the permission of 
Medtronic, Inc. © 2012). (b) Intrathecal Drug Delivery 
Device, Synchromed® II. Since 1981, more than 100,000 
patients have been treated with intrathecal drug delivery 
(Reprinted with the permission of Medtronic, Inc. © 2012) 


Neurostimulation 


There are four forms of neurostimulation utilized 
for treating neuropathic pain: spinal cord stimu- 
lation (SCS, previously termed dorsal column 
stimulation; the more modern term reflects the 
fact that more than the dorsal columns in the spi- 
nal cord are stimulated), peripheral nerve stimu- 
lation (PNS), deep brain stimulation (DBS), and 
motor cortex stimulation (MCS). 


Spinal Cord Stimulation 


For more than 40 years, SCS has been used to treat 
chronic neuropathic pain with the technical goal of 
producing stimulation paresthesia at a subjectively 
tolerable (comfortable) level, concordant with a 
patient’s topography of pain (Fig. 36.1) [2]. Clinical 
experience demonstrates that SCS more effectively 
curbs neuropathic or sympathetically mediated 
pain than nociceptive pain, and suppresses chronic 
pain but not acute pain. The most common indica- 
tion for SCS in North America is to treat chronic 
neuropathic pain, [2, 3] whereas Europeans use 
SCS most often to treat cardiac ischemic pain [4] 
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Table 36.1 Patient selection criteria for spinal cord stimulation 


Inclusion criteria 


Established diagnosis of specific pain syndrome (peripheral neuropathic pain, peripheral vascular disease, complex 


regional pain syndrome) 


Appendicular pain following at least one previous spine surgery 


Informed consent 

Clearance after psychological evaluation 

Exclusion criteria 

Surgical procedure within 6 months of screening trial 


Evidence of active, disruptive psychiatric disorder; active drug abuse; personality disorders that might affect pain 
perception, compliance with intervention, or ability to evaluate therapy 


Patients <18 years old 


Patients who have not received an adequate course of nonsurgical care 


Patients who have failed a previous SCS trial 
Relative contraindications 

An unresolved major psychiatric comorbidity 
The unresolved possibility of secondary gain 


An inappropriate dependency on pharmaceuticals (especially controlled substances) 


Inconsistency among the patient’s history, pain description, physical examination, and diagnostic studies 


Abnormal or inconsistent pain ratings 
Predominance of nonorganic signs (e.g., Waddell’s signs) 


Alternative therapies with a risk/benefit ratio comparable to that of SCS remain to be tried 


Pregnancy 


Occupational risk (e.g., employment requires climbing ladders or operating certain machinery) 


Local or systemic infection 

Presence of a demand pacemaker or cardiac defibrillator 
Foreseeable need for an MRI 

Presence of a major comorbid chronic pain syndrome 
Anticoagulant or antiplatelet therapy 

Absolute contraindications 

Inability to control the device 


Coagulopathy, immunosuppression, or other condition associated with an unacceptable surgical risk 


Need for therapeutic diathermy (a contraindication for implantable devices) 


Reprinted from Prager et al. [6]. With permission from Lippincott Williams & Wilkins 


and peripheral vascular disease [5]. The potential 
benefits of SCS include pain relief, increased activ- 
ity levels or function, reduced use of pain medica- 
tion, improvement in quality of life, patient 
satisfaction, improved neurologic function, return 
to work for previously employed people, and 
reduced consumption of healthcare [2, 6]. 

Spinal cord stimulation is a minimally invasive 
procedure that should follow appropriate noninva- 
sive therapies. By the same reasoning, SCS should 
precede ablative therapies (e.g., sympathectomies, 
dorsal root entry zone lesions, or dorsal root gangli- 
onectomy) or surgery. One advantage of SCS is that 


patients can undergo a screening trial to evaluate pain 
relief before committing to therapy. Table 36.1 lists 
patient selection criteria as well as relative and abso- 
lute contraindications for SCS. Candidates may 
proceed to implantation if their pain is reduced by at 
least 50 %, the paresthesia is tolerable and covers 
the painful area, and analgesic intake remains stable 
or can be decreased [7]. Approximately one-third of 
candidates do not proceed with implantation after 
an SCS trial. Earlier practice utilized 50 % pain 
relief as the principal criterion to determine a 
successful trial. More current thinking reflects con- 
cer for patient quality of life, such as ability to 
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walk, sleep, climb stairs, drive, participate in sexual 
relations and reduce analgesic consumption. 

The potential risks of SCS relate to implanta- 
tion complications (hematoma, hemorrhage, 
seroma, cerebrospinal fluid [CSF] leakage, infec- 
tion and erosion), device-related complications 
(hardware malfunction or migration, pain at the 
implant site, allergic response, reoperation), or 
stimulation-induced complications (discomfort, 
loss of pain relief, chest wall stimulation). 

The Neuromodulation Therapy Access 
Coalition conducted a comprehensive, evidence- 
based literature review of SCS in 2007, the most 
extensive examination to date of the likelihood of 
success with SCS for specific indications [2]. 
They found excellent evidence (A) for the efficacy 
of SCS in treating CRPS I and II, and good evi- 
dence (B) in treating peripheral neuropathic pain, 
root injury pain, and spinal cord injury/lesion. 


Peripheral Nerve Stimulation 


Peripheral nerve stimulation (PNS), using an 
implanted pulse generator or receiver with elec- 
trodes placed around a peripheral nerve and an 
external transmitter, delivers electrical impulses 
to induce paresthesias in a painful area. The tech- 
nique has successfully relieved neuropathic pain 
for more than 40 years [8, 9]. Peripheral nerve 
field stimulation (PNFS) employs a subcutane- 
ous lead to create a small electrical field that 
decreases nociceptive input. Despite reported 
success with PNS, [10, 11] randomized con- 
trolled trials and meta-analysis have not been 
conducted. 

A recent report of five cases of PNS with 20-year 
follow-up suggests that the technique merits con- 
sideration [12]. Eleven patients with neuropathic 
pain who were treated with PNS in the 1980s had 
significantly reduced pain at 52-month follow-up. 
A comprehensive evaluation was conducted on five 
of these patients after 20 years of treatment. The 
PNS had no effect on tactile sensation, cool, 
warmth, cold pain and heat pain thresholds. 
Positron emission tomography (PET) revealed 
increased blood flow in the primary somatosensory 
cortex, the anterior cingulate and insular cortices of 
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treated patients. All of the patients had experienced 
long-term pain relief with PNS. A prospective clin- 
ical study conducted more recently also supplied 
encouraging results [13]. Eight patients with carpal 
tunnel syndrome underwent lead implantation and 
6 h of daily transdermal stimulation along the 
median nerve for 5 days. Pain was measured before, 
during and after treatment. Two patients experi- 
enced 230 % pain reduction for the entire time. 
Pain returned to baseline after explant, increasing 
by 37-46 %. Mean patient satisfaction was 96 %, 
and all of the patients indicated a preference for 
permanent implantation. 


Deep Brain Stimulation 


First used to treat refractory chronic pain in 1954, 
DBS using an internal power source and lead(s) 
has more recently been adopted to treat the dyski- 
nesia and pain of advanced Parkinson disease 
[14, 15]. The pain relief experienced from sensory 
thalamic stimulation (STN) in one series of 
Parkinson patients at 24 months follow-up was 
similar to that from medication at baseline [16]. 
High-frequency stimulation mimics the func- 
tional effects of ablation in some brain structures, 
[17] which may explain why STN mitigates neu- 
ropathic pain. A meta-analysis of 13 studies and 
1,114 patients with neuropathic or nociceptive 
pain found that 561 (50 %) had successful long- 
term relief from DBS [18, 19]. Of the 711 patients 
with neuropathic pain, 296 (42 %) had success at 
long-term follow-up, and success was more likely 
for patients who had cervical or brachial avulsion 
or peripheral neuropathy. 

Intercranial hemorrhage is the most serious 
complication of DBS, with an incidence ranging 
from 1.9 to 4.1 % [18]. Mortality is rare 
(0O-1.6 %) with three of four reported deaths 
resulting from intracranial hemorrhage. In addi- 
tion, technical advances have reduced morbidity 
and mortality since the 1980s when the earliest 
studies in the meta-analysis were conducted. 
After more conservative therapies have failed, 
including less invasive neurostimulation, DBS 
offers hope for alleviating intractable neuro- 
pathic pain. 
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Motor Cortex Stimulation 


As early as 1954, intracranial neurostimulation 
(including both DBS and MCS) was investigated 
for treating chronic neuropathic pain refractory to 
medical therapy. Beginning in the early 1990s, a 
series of case studies reported on the use of MCS 
to treat chronic pain, primarily for conditions such 
as trigeminal and post-stroke pain for which other 
treatments are lacking. Satisfactory results were 
reported in 40 to 75 % of cases [20]. A critical 
review of 14 unblinded, uncontrolled case studies 
and 210 patients conducted in 2009 found that 
approximately 55 % achieved 240 to 50 % pain 
relief postoperatively from MCS [20]. Forty-five 
percent of the 152 patients followed up a year 
later had maintained this level of pain relief. 
Response was good in 54 % of the 117 patients 
treated for central pain and in 68 % of the 44 
patients treated for trigeminal pain. Ten of the 14 
studies reported on adverse events associated with 
MCS [20]. The most common adverse event was 
infection (5.7 %, n=157), followed by hardware- 
related problems (5.1 %). Seizures occurred in 
12 % of patients (n= 19) during the early postop- 
erative period, but chronic seizures did not ensue. 

Although MCS appears to be relatively safe 
and effective in the treatment of chronic neuro- 
pathic pain, studies to date have been small, retro- 
spective, and lack a control arm. Differences in 
surgical technique, electrode placement, and stim- 
ulation settings likely contributed to the varying 
results. Predictive factors for a good outcome are 
still being determined. Despite these shortcom- 
ings, some patients with severe and medically 
resistant pain have benefitted substantially, saying 
they would repeat the surgery even though they 
only reported a 10 to 39 % reduction in pain [21]. 


Intrathecal Drug Delivery 


Since its introduction in 1981, more than 285,000 
pumps have been implanted in patients with 
intractable pain (Fig. 36.1) [22]. The approved 
indications for intrathecal drug delivery (IDD) 
are “the chronic intrathecal infusion of preserva- 
tive-free morphine sulfate sterile solution in the 
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treatment of chronic intractable pain, or preserva- 
tive-free ziconotide for the management of severe 
chronic pain” — in other words, no specific dis- 
eases or syndromes are indicated or contraindi- 
cated. Intrathecal infusion, by delivering drugs 
directly to opioid receptors, limits systemic expo- 
sure and decreases the opioid doses required for 
pain relief, generally reducing side effects [23]. 
Consensus statements regarding the intrathecal 
delivery of other medications have appeared peri- 
odically, [24, 25] with revisions to guidelines 
currently pending. 

Analgesic response to IDD has been docu- 
mented in patients with neuropathic, visceral, 
deafferentation, and mixed pain [26]. The safety 
and efficacy of IDD have been well documented 
in the peer-reviewed literature, [26, 27] although 
early mortality due to respiratory depression has 
occurred [28]. The safety issues stem primarily 
from inadequate monitoring, dosing errors, problems 
with pump fills or refills, and interaction between 
concomitant medications, especially opioids and 
benzodiazepines. Consequently, pumps should 
be implanted and managed by providers trained 
and skilled specifically in IDD. 

Patients should have an accurate diagnosis of a 
specific pain state that would likely respond to 
IDD before undergoing physical, psychological 
and environmental evaluations and a screening 
trial. If comorbidities such as diabetes, coagulop- 
athy, immunosuppressive disorders and sleep 
apnea exist, the conditions should be well-con- 
trolled before considering IDD. Doses must be 
titrated cautiously while monitoring for both 
efficacy and side effects. A recent and compre- 
hensive review of IDD found that it was efficacious, 
fiscally neutral and appropriate when used judi- 
ciously in expert hands [29]. One caveat — pain 
practitioners may want to consider treating neuro- 
pathic pain with SCS before contemplating IDD. 





Ketamine Infusions 


Ketamine, an N-methyl-D-aspartate receptor 
antagonist, has been used for half a century for 
pain relief in the operating room (2 mg/kg for 
induction of anesthesia), and in the intensive care 
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unit for patients with brain or spinal cord injuries 
[30]. Ketamine has also been used to treat refrac- 
tory CRPS in both inpatient [31] and outpatient 
settings [32]. Unlike opioids, ketamine does not 
prolong sedation, depress respiration, or lower 
blood pressure. Some patients treated with ket- 
amine experience hallucinations, but these can be 
effectively counteracted with midazolam 
(1-2 mg), clonidine or dexmedetomidine. 

Complete recovery from rapidly progressing 
CRPS was reported in one case after treatment 
with anesthetic doses of ketamine (3-5 mg/kg/h) 
and midazolam administered for 5 days in the 
intensive care unit [33]. The patient maintained 
remission for 8 years. High-dose medically 
induced ketamine coma was initiated in 20 patients 
with refractory CRPS [34]. Significant pain relief 
(P<0.001) was obtained at 1, 3 and 6 months fol- 
lowing treatment, with complete remission in all 
patients (100 %) at | month, 17 patients (85 %) at 
3 months, and 16 patients (80 %) at 6 months. 

Still practiced in Germany and Mexico, high- 
dose ketamine therapy has been replaced in the 
U.S. by subanesthetic doses administered on an 
inpatient or outpatient basis. Protocols vary but 
typically begin with ten daily treatments of accel- 
erating 50-500 mg doses per day over a 2-week 
period [35]. This may be followed by several 
months of periodic outpatient therapy. Results of 
a small pilot study of outpatient therapy were dis- 
appointing [35]; there was no change in pain 
measured by visual analogue scale (VAS). 
However, a double-blind placebo-controlled 
study of outpatient ketamine infusion is currently 
under way [36]. One of the participating investi- 
gators reports that between 66 and 80 % of 
patients have shown overall improvement mea- 
sured by increased functional capacity, decreased 
pain medication, or both [37]. 

Ketamine clearly shows promise in relieving 
refractory pain, but treatment protocols are still 
evolving. Several cautions apply as well. Patients 
receiving ketamine infusions should be fully 
monitored (with blood pressure, pulse oximetry, 
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ECG, and CO, end tidal measurement) by a phy- 
sician experienced in anesthesiology and airway 
management. Although side effects are relatively 
rare and generally manageable, liver toxicity has 
been reported after high-dose infusions. Three 
patients developed hepatotoxicity when receiv- 
ing the second of two intravenous 100-h ketamine 
infusions (10-20 mg/h) separated by 16 days [38]. 
Therapy was discontinued and liver enzymes 
returned to normal within 2 months. There is also 
some question about the durability of pain relief 
following subanesthetic infusions. 





Complex Regional Pain Syndrome 


Chronic nerve irritation or ischemia can produce 
CRPS. When evaluating a patient with arm pain 
and temperature change, CRPS may be in the dif- 
ferential diagnosis as well as NTOS. After a nega- 
tive NTOS work-up, CRPS should be considered 
as a possible explanation of the patient’s clinical 
signs [39]. Patients with CRPS may exhibit hype- 
rhydrosis, tremor, dystonia or trophic changes, 
unlike NTOS patients. Treatment for CRPS fol- 
lows a treatment algorithm set forth by the IASP 
and updated periodically (Fig. 36.2) [40]. This 
approach emphasizes functional rehabilitation 
utilizing various forms of progressive physical 
therapy, with adjuvant interventional pain man- 
agement techniques, including neuromodulation 
when necessary, as well as behavioral treatment. 
The treatment algorithm can be used as a model 
of treatment for TOS patients who have suffered 
from severe debilitating pain to the point of losing 
function. 


Summary 


A steadily improving understanding of chronic neu- 
ropathic pain, accompanied by a host of technical 
advances, is supporting pain practitioners in deploy- 
ing more effective pain management strategies. 
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Fig. 36.2 Treatment 
algorithm for complex 
regional pain syndrome. 
This multidisciplinary care 
continuum adapts the 
treatment plan to the 
patient’s response. The plan 
emphasizes functional 
rehabilitation utilizing 
various forms of progressive 
physical therapy, with 
adjuvant interventional pain 
management techniques, 
including neuromodulation 
when necessary, as well as 
behavioral treatment. The 
algorithm is periodically 
updated by the International 
Association for the Study of 
Pain, with the newest 
recommendations to follow 
a conference in August 
2012. (Adapted from 
Stanton-Hicks et al. [41]. 
With permission from John 
Wiley & Sons, Inc) 
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Abstract 

Neurogenic thoracic outlet syndrome is a chronic pain syndrome that may 
take years to be diagnosed. Years of undiagnosed or undertreated chronic 
pain can lead to anger, confusion, frustration, depression, family strains, 
and financial difficulties. This may lead to social isolation, loss of social 
support, and loss of employment. 

This chapter discusses the importance of incorporating psychosocial 
factors into treatment plans for neurogenic thoracic outlet syndrome. 
Psychosocial factors affect a patient’s response to pain and treatment out- 
comes. Adequate social supports, treatment of depression, patient educa- 
tional level, financial means, and encouraging return to work may improve 
patient’s treatment course. 


Introduction 


Thoracic outlet syndrome (TOS) is defined as the 
occurrence of upper extremity symptoms due to 
compression of the neurovascular bundle by vari- 
ous structures in the area just above the first rib and 
behind the clavicle [1]. Adding the qualifier of neu- 
rogenic defines the structure of compression: NTOS 
is the compression of nerves by bony structures, 
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soft tissue (muscles), or fibrocartilaginous bands 
in the region of the thoracic outlet or just beneath 
the pectoralis minor muscle [2]. This compression 
leads to headaches, arm numbness, and chest and 
neck pain and such symptoms are exacerbated by 
provocative maneuvers. 

NTOS is a neuropathic chronic pain syndrome 
and a lifelong condition. Chronic pain is devastat- 
ing and life-altering. The pain interrupts, interferes 
with, and alters ones identity [3]. Years of undiag- 
nosed or undertreated chronic pain often leads to 
anger, confusion, frustration, depression, family 
strains, and financial difficulties, and these in turn 
may lead to social isolation, loss of social support, 
and loss of employment [4]. Patients have varying 
degrees of social support structures, coping skills, 
pain thresholds, and stamina. Age, gender, and 
stage of life also affect how one responds to pain. 
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Diagnosis and Treatment of NTOS 


In a majority of cases, a diagnosis of NTOS is not 
made correctly or in a timely manner. It may take 
2-5 years for the diagnosis to be made [5, 6]. 
Failure to provide a proper diagnosis leads to ini- 
tiation of inappropriate and incorrect treatment 
plans, which in turn exacerbate the psychological 
and social harm that results. 

Delayed diagnosis and treatment is multifac- 
torial. Factors that contribute to such delays 
include controversy over the diagnosis of NTOS 
by some, lack of a diagnostic gold standard, and 
lack of medical providers’ awareness of the entity 
[1, 7-10]. There are few surgeons, providers, and 
therapists who are experienced in evaluating, 
diagnosing, and treating NTOS, and there are few 
medical centers specializing in this syndrome. 
Finally, opinions significantly differ regarding 
treatment plans [5, 11]. 

Both conservative therapy and surgical decom- 
pression are appropriate options in patients with 
NTOS, depending on the specific case. Conserva- 
tive options consist of NTOS-directed pain man- 
agement, occupational (OT), and/or physical 
therapy (PT). Alternative therapies for pain such 
as acupuncture, cognitive behavioral therapy 
(CBT), or hypnosis are advocated by some and 
can be encouraged in conjunction with traditional 
treatments. Surgical treatment is the decompres- 
sion of the nerve structure by removing or revis- 
ing bony structures, muscle, soft tissue, and or 
bands [6, 12]. 





Psychosocial Factors 


Psychosocial factors have been investigated 
and correlated with treatment outcomes in 
many pain syndromes and surgical procedures 
[13-18]. For example, in patients with chronic 
back pain “yellow flag” psychosocial risk fac- 
tors are assessed to determine increase risk for 
worsening chronic pain and disability [19], and 
some insurance companies require psychoso- 
cial screening and clearance prior to proceed- 
ing with operations such as_ spinal cord 
stimulator or intrathecal pump implantation for 
pain management. 
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Evaluation of pain syndromes should include 
assessment of depression, availability of social 
supports, motivation to get well, and the patient’s 
ability to cope with the perception of or actual 
treatment failure [18]. Ideally a “patient at risk” 
should be assessed by a pain provider and/or 
pain psychologist to recommend and assist with 
chronic pain treatment [20]. 

Assessment of psychosocial factors in the man- 
agement of NTOS probably occurs quite rarely, 
even in centers that concentrate on the diagnosis 
[12], and the literature is sparse in regards to the 
psychosocial needs of the NTOS patient. Much of 
the psychosocial discussion in this chapter is 
extrapolated from NTOS outcomes, chronic pain 
literature, and the author’s anecdotal experience 
working in a NTOS clinic associated with a large 
academic center. When assessing psychosocial 
issues in patients with NTOS, it is convenient to 
separately consider social support, education level, 
depression, financial means, and return to work. 





Social Support 


Social support comes from a variety of sources. 
The patient’s spouse, family and friends are gener- 
ally the first line of helpful supports. Studies have 
shown NTOS patients without a spouse have 
greater disabilities at long term follow-up [21], a 
finding that parallels findings elsewhere in the 
chronic pain literature (especially muscular skele- 
tal disorders and chronic low back pain) [22, 23]. 

When there is no “conventional” other reliable 
support, consider alternatives. Church groups can 
be an option for those whom are spiritually oriented 
or have limited financial resources. Counseling 
may be sought based on the patient preference, 
identified needs, and financial means. Unfortunately 
there are very few regions with physical NTOS 
support groups. There are many resources and sup- 
port groups available on the internet. Examples of 
reputable sites are the American Thoracic Outlet 
Syndrome Association http://www.atosa.org, the 
National Pain Foundation, http://www.national- 
painfoundation.org/cat/18/thoracic-outlet-syn- 
drome, and The American chronic pain association 
http://www.theacpa.org (See Chap. 96 for more 
information regarding this issue). 
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Depression 


Depression can develop at any time during a 
chronic pain experience, and this will significantly 
impact response to treatment [24] (see Chaps. 8 
and 38 for further discussion). NTOS patients 
with depression report higher pain scores, greater 
functional and job disability, and are less likely to 
experience a reduction in symptoms after surgery 
[21]. Depression is noted more often in treatment- 
resistant patients with NTOS [25] and decreases 
the chance of (and lengthens time to) return to 
work in a variety of studies. The presence of 
depression and anxiety should be determined 
prior to treatment initiation as it is highly predic- 
tive of success (or lack thereof). Providers with 
limited experience or comfort level in evaluating 
and treating depression or anxiety should con- 
sider asking for assistance from someone who 
has more (such as a pain specialist, psychiatrist, 
or psychologist). 





Patient Education 


Formal education (and financial means) affect 
patient pain response and treatment outcomes 
[21]. Patients with lower educational levels report 
higher pain scores and greater postoperative dis- 
ability [21]. It may be that patients with higher 
educational levels have greater critical thinking 
skills, improved ability to navigate the health care 
system, or more effective interactions with the 
treatment team [26]. We are unable to change the 
patient’s formal education or intellectual capacity 
but can acknowledge that these are factors and 
adjust approaches based on these issues. 

Prior to patient and family teaching there 
should be an assessment of educational levels, 
beliefs, and expectations regarding chronic pain 
and treatments [24]. Pain relief may not be in the 
patient’s immediate future and even after treat- 
ment may never be absolute [27], and especially 
if perceptions and expectations are unrealistic 
regarding the treatment course [28]. Alternative 
pain therapies may be of benefit when not pre- 
sented to the patient as a last resort therapy. 

A focus on the realistic expectations for conser- 
vative and surgical treatment with time frames for 
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success should be present for all options. The 
patient should receive consistent and accurate edu- 
cation and information at every visit [29]. Even if 
pain is not immediately treatable, identification of 
the potential pain source and defining the diagno- 
sis can be elating for a patient who has been in a 
prolonged, unidentified pain syndrome [27]. 

It is obviously essential to have continuity of 
care including, if possible, a multidisciplinary 
team specializing in NTOS (see Chap. 97, 
“Establishing a TOS-focused Practice”). The 
entire team needs to be aware of and updated on 
goals, timeframes and plan changes at each visit. 
There is some evidence of a beneficial practitio- 
ner/therapist effect in the treatment of low back 
pain [30] and patients with NTOS may well 
respond in a similar fashion. 


Financial 


Limited finances and poor (or no) medical insur- 
ance are associated with increased pain intensity 
and restriction of a patient’s ability to access care 
and carry out treatment plans [26]. Out of pocket 
expenses are not insignificant and include copays 
for physician visits and physical or occupational 
therapy, medications, diagnostic tests, and other 
provider visits. Transportation costs, overnight 
stays, meals, uncovered medical equipment and 
service fees are also expenses created by physical 
ailments. Assistance or grants may be available 
to patients from chronic pain associations, medi- 
cal associations, or pharmaceutical companies 
through such sites as NeedyMeds http://www. 
needymeds.org. Team Continuum may help 
with bills other than medical costs http://www. 
teamcontinuum.net. Social workers and public 
welfare agencies can help. 





Work Status 


Physical and psychosocial factors obviously impact 
work status as well as pain and recovery [31]. 
Depression and lower education levels have been 
linked with decreased rates of return to work [32]. 
Interestingly, resistant NTOS treatment has not 
been associated with work disability and workers 
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compensation claims according to Jordan [25]. A 
premorbid vocation requiring over-the-head repet- 
itive activities correlates negatively with success 
of surgical treatment [33]. Encourage patients to 
utilize employee assistance programs, request 
modification of work environment, or consider 
job change options and retraining. The longer a 
patient is out of work the chances of returning to 
the work force decreases [5]. Every effort should 
be made to encourage return to work for psycho- 
social, economic, and recovery purposes (see also 
Chap. 95, for further examination of this issue). 


The Future 


There are no prospective studies (much less ran- 
domized and blinded) evaluating the impact of 
psychosocial factors on pain interventions and 
other treatment for NTOS. There is a need to 
study the impact of psychosocial factors on these 
problems [26], and there should be consideration 
of and uniform agreement for a new or existing 
universal tools for the preoperative and postop- 
erative assessment of psychosocial risk factors. 











Summary 


NTOS is a life-long chronic neuropathic pain dis- 
order, and, as such, requires assessment of psy- 
chosocial evaluation and guidance to ensure that 
these needs are being met. Probably most impor- 
tant are a stable social support structure and ade- 
quate treatment of underlying depression. In 
addition to these factors, a clearly described diag- 
nosis and establishment of realistic goals and 
timeframes for various treatment plans may 
enhance coping, shorten recovery, and improve 
long term outcomes. With appropriate resources, 
treatments, therapies, and modification; patients 
may return to a productive functional life. 
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Abstract 

Depression and substance abuse are two psychiatric co-morbidities found 
in chronic pain populations. Because both can influence quality of life, 
pain perception, and response to treatment, they should regularly be evalu- 
ated and treated when present. Treatment for depression includes various 
antidepressants, some of which have analgesic properties, and psychother- 
apy. Patients actively abusing pain medications, alcohol or illicit drugs 
should be referred to a substance abuse treatment program. However, dis- 
tinguishing between pain medication overuse/abuse and poorly controlled 
pain can be difficult, and over diagnosing pain medication abuse may 
result in pejorative labeling of patients and withdrawal of pain-relieving 
analgesics. 


Introduction 


In the transition from acute to chronic pain, psy- 
chiatric co-morbidities and psychosocial factors 
begin to play a more prominent role. Anxiety, 
depression, expectations, attributions, and rein- 
forcement of pain behaviors can influence response 
to treatment, pain perception, and disability. 
Depression not only affects a patient’s quality 
of life, but can negatively impact treatment. 
A study by Axelrod et al. [1] found that, in 
patients undergoing decompression surgery for 
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thoracic outlet syndrome (TOS), a co-existing 
diagnosis of major depression resulted in greater 
disability following surgery. Similarly, Jordan 
et al. [2] found major depression to be one of the 
factors that differentiated treatment-resistant 
from treatment-responsive patients following 
first rib resection or botulinum chemodenerva- 
tion. Results from these two studies are similar to 
previous studies which found depression to be a 
predictor of disability [3] following surgery for 
lumbar spinal stenosis, and the combination of 
depression and anxiety to be predictive of less 
improvement in pain rating and daily functional 
capacity, and return to work [4] after spine 
surgery. 

Substance abuse may also influence treatment 
outcomes as noted in a study by Spengler et al 
[5]. Of 30 patients for whom surgical approaches 
failed to provide improvement, 25 were found to 
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have a history of medication and/or alcohol abuse. 
For patients prescribed opioid analgesics for pain, 
a current history of alcohol and/or illicit drug 
abuse has potentially fatal consequences. 





Psychiatric Comorbidities 


To date, there are few published studies that 
specifically address the prevalence of psychiatric 
co-morbidities in the population of patients with 
neurogenic thoracic outlet syndrome (NTOS) or 
the interrelationships between psychiatric co- 
morbidities and NTOS. However, NTOS may be 
considered under the broader definition of chronic 
pain syndromes, as patients can suffer for years 
with pain before receiving a diagnosis and treat- 
ments are not always effective in relieving pain 
[6, 7]. Chronic non-cancer pain is defined as pain 
that continues for longer than 6 months or beyond 
the expected time of healing, for which there has 
been no or inadequate response to treatment, and 
which may continue for a person’s lifetime. 
Individuals with chronic pain often present with a 
number of physical and emotional problems, 
either as antecedent conditions or as a conse- 
quence of injury and pain. Depression and sub- 
stance abuse are two co-morbidities found in the 
chronic pain population that should be recog- 
nized and treated when present, as they can 
influence response to treatment, pain perception 
and adaptive coping. 


Depression 


Depression is a common co-morbidity in the 
chronic pain population. Patients with chronic 
pain suffer not only from pain, but also with 
physical limitations and multiple losses. They 
may be unable to maintain employment and expe- 
rience adverse economic changes, loss of daily 
activities, and a diminished sense of self-worth. 
Physical limitations often result in an inability to 
participate in sports and recreational activities and 
can even limit everyday activities and self-care. 
People who suffer with chronic pain may feel 
misunderstood by others, resulting in withdrawal 


B. Field 





from family and friends, and social isolation. 
Banks and Kerns present a diathesis-stress model 
outlining an association between pain and depres- 
sion [8]. They suggest that individuals bring to 
the experience of chronic pain certain vulnerabil- 
ities, or diatheses. These diatheses are activated 
when the multiple stressors of chronic pain are 
experienced. A negative or helpless view of life, 
feelings of lack of control, or inadequate coping 
resources may produce feelings of hopelessness 
and despair, or trigger a major depressive epi- 
sode. In this study, Banks and Kerns performed 
a meta-analysis based on selected studies using 
stringent criteria for major depression. Their 
results estimated the prevalence of depression in 
patients with chronic pain to be between 30 and 
54 %. The impact of pain on life style and inter- 
personal relationships may certainly be a factor 
in the development, or worsening, of depression. 
However, pain and depression also share neuro- 
chemical pathways including serotonergic and 
noradrenergic neurotransmitters. 

The Diagnostic and Statistical Manual of 
Mental Disorders (4th ed., text revision) (DSM- 
IV-TR) criteria for major depression include 
symptoms such as insomnia, fatigue, changes in 
appetite and/or weight, and changes in memory 
and concentration [9]. These symptoms may also 
be partially or entirely attributable to pain and/or 
to the medications used to treat pain. Because of 
overlapping symptoms, some authorities have 
recommended modifying the diagnostic criteria 
for major depression in medically ill patients. 
However, most such attempts have not improved 
the accuracy of diagnosis and/or have resulted in 
a high rate of false negatives. Thus, the DSM cri- 
teria are still recommended for diagnosing 
depression in the medically ill. 

Evaluation and treatment of depression is 
important for several reasons. In the chronic pain 
population, depression is associated with poor 
adherence to treatment, greater pain intensity, 
poorer functioning, greater pain-related disability, 
and use of passive coping strategies [10]. In addi- 
tion, completed suicides occur at a rate two to 
three times the rate of suicides in the general popu- 
lation [11]. Treatments for depression include 
medications (primarily antidepressants) and 
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nonpharmacologic interventions, such as various 
modalities of psychotherapy. Tricyclic antidepres- 
sants (eg, amitriptyline and nortriptyline) and the 
newer serotoninnorepinephrine reuptake inhibitors 
(SNRIs; eg, duloxetine) have both antidepressant 
and analgesic properties. The selective serotonin 
reuptake inhibitors (SSRIs) are effective antide- 
pressants but are less effective as analgesics. 





Substance Abuse 


High-risk behaviors, such as driving while intox- 
icated or under the influence of illicit drugs, can 
result in accidents from which patients sustain 
injuries resulting in NTOS and other chronic pain 
conditions. Although these painful conditions 
need to be adequately treated, for patients who 
are actively abusing alcohol and/or illicit drugs, 
pain medication can be potentially life threaten- 
ing. If a patient is actively abusing substances, he 
or she should be referred to a substance abuse 
treatment program with follow up in a recovery 
program such as Alcoholics Anonymous (AA) or 
Narcotics Anonymous (NA). For patients with a 
history of substance abuse, it is possible to man- 
age pain with pain medication if expectations 
regarding proper use of pain medications are 
clearly established, use is closely monitored with 
frequent follow up visits, and patients undergo 
random drug testing. 

Addiction to opioids among patients pre- 
scribed opioid analgesics for pain is uncom- 
mon. Although the exact prevalence of addiction 
to opioids among chronic pain patients is not 
known, a 1992 study by Fishbain, Rosomoff 
and Rosomoff suggested that the prevalence 
ranged from 3 to 19 % [12]. Even defining what 
behaviors constitute addiction to opioids among 
patient prescribed opioids for pain is contro- 
versial. “Drug-seeking” behaviors, such as tak- 
ing pain medications faster than prescribed, 
requesting an increase in dosage or obtaining 
pain medication from more than one doctor, 
may reflect nothing more than poorly controlled 
pain. “Pseudoaddiction”, which often presents 
as “drug seeking” behavior, commonly resolves 
when pain is adequately managed. 
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Patients, their families, and their physicians 
may have different concerns about the patient’s 
use of opioid analgesics for chronic pain. 
Physicians may fear litigation for alleged over- or 
under-prescriptions of opioids and patient diver- 
sion of prescribed pain medication, and have con- 
cerns about side effects and worsening pain from 
long-term use of opioids (opioid tolerance hyper- 
algesia). Patients and their families often fear 
addiction to opioids prescribed for chronic pain. 

Although addiction to opioids occurs rarely in 
individuals who have no history of substance 
abuse, many patients prescribed opioid analge- 
sics for pain have been diagnosed with opioid 
addiction based on the DSM-IV-TR criteria for 
Substance Dependence. Because tolerance and 
dependence, both of which occur with long-term 
administration of opioids, are two of three crite- 
ria needed for a diagnosis of opioid dependence, 
patients prescribed opioid analgesics for pain can 
easily meet these diagnostic criteria. In order to 
address the problem of unwarranted diagnoses of 
opioid addiction, the Liaison Committee on Pain 
and Addiction met in 2001 and developed the fol- 
lowing definitions that more accurately reflect 
tolerance, dependence, and addiction in patients 
prescribed opioids for pain [13]. Tolerance is a 
state of adaptation in which exposure to a drug 
induces changes that result in a diminution of one 
or more of the drug’s effects over time. Physical 
dependence is a state of adaptation that is mani- 
fested by a drug class-specific withdrawal syn- 
drome that can be produced by abrupt cessation, 
rapid dose reduction, decreasing blood level of 
the drug, or administration of an antagonist. 
Addiction is a primary, chronic neurobiological 
disease with genetic, psychosocial, and environ- 
mental factors influencing its development and 
manifestations. It is characterized by behaviors 
that include one or more of the following: 
impaired control over drug use, compulsive use, 
continued use despite harm, and craving. 

Although patients being considered for pain 
treatment with opioid analgesics should be 
assessed for the risk of abuse or addiction to opi- 
oids, no strong predictors of misuse and addic- 
tion have been identified. Michna et al. found that 
patient and family histories of substance abuse 
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and histories of legal problems predicted behav- 
iors such as multiple unsanctioned escalations in 
dose of pain medications, episodes of lost or sto- 
len prescriptions, frequent unscheduled visits to 
the pain center or emergency room, excessive 
phone calls, concern expressed by a significant 
other about the patient’s use of opioids, and unan- 
ticipated positive results in urine toxicology 
tests [14]. Because abuse of, and addiction to, 
opioids is potentially life threatening, a careful 
assessment should be made of a patient’s sub- 
stance use history. Although there are no estab- 
lished predictors of which patients might abuse 
pain medications, the presence of multiple risk 
factors suggests the need for careful monitoring. 
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Abstract 

Recurrent neurogenic thoracic outlet syndrome (TOS) is usually caused 
by scar tissue formation, which re-entraps and compresses the nerves 
of the brachial plexus. Other causes include missed diagnoses or inad- 
equate surgical procedures. Symptoms and signs of recurrent neuro- 
genic TOS are similar to those that preceded the initial operation. 
Treatment begins with evaluation for pectoralis minor syndrome. If 
nerve entrapment is present beneath the pectoralis minor muscle ten- 
don, pectoralis minor tenotomy is an outpatient procedure with mini- 
mal risk that may be effective in many patients with recurrent neurogenic 
TOS. If pectoralis minor syndrome is not present or if pectoralis minor 
tenotomy has failed, other procedures to consider include (1) supra- 
clavicular scalenectomy, if the previous operation was transaxillary 
first rib resection; (2) transaxillary first rib resection, if the previous 
operation was supraclavicular scalenectomy without rib resection; (3) 
brachial plexus neurolysis, if both supraclavicular scalenectomy and 
first rib resection have been performed; or (4) in the case of multiple 
failed operations, combined transaxillary and supraclavicular brachial 
plexus neurolysis combined with a latissimus dorsi muscle flap. 
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TOS. Symptoms may recur even after post- 
operative improvement for many months, and are 
most often due to compression of the brachial 
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Etiology and Types 


Surgery for neurogenic TOS rarely renders the 
patient completely symptom-free, and recurrent 
symptoms occur to at least some degree in as 
many as 30 % of patients. Only a small fraction 
of these patients will have symptoms severe 
enough to warrant reoperation. Most published 
recurrence rates are calculated not on the basis of 
all patients with recurrent symptoms, but only on 
the percentage of patients with symptoms that are 
deemed severe enough to warrant reoperation. 

Recurrent neurogenic TOS is considered the 
redevelopment of symptoms after a period of 
notable relief following an initial thoracic outlet 
decompression procedure, whereas persistent 
neurogenic TOS is defined as failure to achieve 
any symptomatic improvement. Persistent neuro- 
genic TOS is typically due to an incorrect diag- 
nosis, an inadequate initial operation, or 
predominance of another diagnosis accompany- 
ing neurogenic TOS despite an adequate initial 
operation. Some patients with persistent neuro- 
genic TOS may have had particularly severe and/ 
or longstanding symptoms of brachial plexus 
compression prior to treatment, with failure to 
improve likely reflecting an advanced level of 
pre-existing neural injury and dysfunction. 
Whether it occurs spontaneously or following a 
specific injury, recurrent neurogenic TOS is usu- 
ally caused by the development of scar tissue 
entrapping the brachial plexus nerve roots, and 
may also have osseous and or soft tissue contri- 
butions. Scar tissue may cause restrictive attach- 
ments to develop between the nerves and residual 
first rib, scalene muscle, or thickened extrapleura 
tissues somewhere along its course. These patho- 
logic attachments subsequently interfere with 
and restrict normal nerve root mobility. 





Time of Recurrence 


Recurrence of neurogenic TOS may become 
manifest anywhere from 2 months to many years 
after initial surgical treatment. Over half of recur- 
rences present within the first year and 80 % 
within 2 years. After that time, most instances 
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of recurrence are associated with a new injury. 
Supraclavicular and transaxillary procedures seem 
to have similar incidences of recurrence [1]. 





Differential Diagnosis and Associated 
Conditions 


Several peripheral nerve compression syndromes 
can co-exist with neurogenic TOS (e.g., the “dou- 
ble-crush” syndrome), [2] or they may represent 
the primary diagnosis. These conditions include 
cervical disc disease, cervical spine facet arthri- 
tis, ulnar nerve compression at the cubital tunnel 
or at Guyan’s canal, and median nerve entrap- 
ment in the forearm or wrist [3]. Other conditions 
to consider in the differential diagnosis include 
cervical disc osteophyte(s), Pancoast tumors of 
the apical lung, nerve sheath tumors, brachial 
plexitis, syrinx, spinal cord tumors, Chiari mal- 
formation, primary shoulder (e.g., rotator cuff) 
pathology, fibromyalgia, multiple sclerosis, acute 
coronary syndromes, vasospastic disorders, and 
complex regional pain syndrome (CRPS) [4]. 


Symptoms 


The symptoms of recurrent neurogenic TOS often 
mimic those seen prior to the initial operation. 
Complaints include radiating pain into the neck, 
trapezius, shoulder girdle and/or upper extrem- 
ity; paresthesias in the arm, hand and/or fingers; 
interference with sleep; arm weakness; general 
fatigue; and aggravation of symptoms with use of 
the arm, particularly in an elevated position. 
Occipital headaches are common, and some 
patients report jaw and/or facial pain. Pain and/or 
tenderness in the anterior chest wall beneath the 
clavicle, as well as in the axilla, are common 
symptoms of brachial plexus compression at the 
level of the pectoralis minor tendon. Many 
patients will not mention these symptoms unless 
specifically asked about pain or tenderness in 
these areas. In a large series of patients seen for 
primary or recurrent neurogenic TOS, symptoms 
consistent with pectoralis minor syndrome were 
present in approximately 75 % [5, 6]. 
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Physical Examination 


The essential aspect of examination is the dem- 
onstration that stretching the brachial plexus 
reproduces the patient’s symptoms, while com- 
pression of the brachial plexus causes tenderness. 
Tapping, massage, or thumb pressure over the 
scalene muscles in the supraclavicular space may 
elicit local discomfort, as well as complaints of 
dysesthesias in the arm, chest, back, or neck. 
Provocative maneuvers include neck rotation, lat- 
eral flexion, the elevated arm stress test and the 
modified upper limb tension test, all of which 
stretch the brachial plexus thereby eliciting symp- 
toms [7]. 

Physical examination should include investi- 
gation for other sites of nerve compression that 
can accompany neurogenic TOS and may be 
associated with the “double-crush” phenomenon 
[2], or which may serve as the primary diagnosis. 
These maneuvers include Tinel’s testing in the 
arm for median, radial, and/or ulnar nerve irritat- 
ability. Further efforts to localize the area of nerve 
entrapment can be aided by median, ulnar and 
radial nerve stretches, as described by Elvey [8]. 

Another important component of the physical 
examination is the elicitation of tenderness to 
palpation in the areas below the clavicle at the 
coracoid process, and in the axilla, which may 
indicate the pectoralis minor muscle tendon as 
one site of nerve compression. One way to dem- 
onstrate involvement of the pectoralis minor 
muscle is to stretch the muscle by placing the arm 
in 90° shoulder abduction, 90° elbow flexion, 90° 
shoulder external rotation, and shoulder exten- 
sion against resistance (Fig. 39.1). 





Diagnostic Tests 
Muscle Blocks 


Local anesthetic blocks of the anterior scalene 
and/or pectoralis minor muscles can be valuable 
aides in confirming a diagnosis of brachial plexus 
nerve compression in the scalene triangle, subco- 
racoid space, or both [9]. Unfortunately, this 
approach is not applicable in evaluating recurrent 











Fig. 39.1 Pectoralis minor muscle stretch. The pectoralis 
minor muscle can be selectively stretched by asking the 
patient to abduct and externally rotate the shoulder and 
then turn the torso in the opposite direction, while holding 
the affected arm against resistance. A positive response is 
reproduction of arm complaints and axillary discomfort 
(Courtesy of HealthONE Presbyterian/St. Lukes Hospital, 
Denver, Colorado by Wes Price) 


neurogenic TOS if the previous surgical treat- 
ment included scalenectomy and pectoralis minor 
tenotomy. 


Electrodiagnostic Studies 


Standard upper extremity electromyography 
(EMG) and nerve conduction velocity (NCV) 
studies are usually normal in those with neuro- 
genic TOS, but can occasionally reveal other sites 
of pathology. Additional neurodiagnostic mea- 
surements that are not typically performed during 
upper extremity EMG/NCV evaluation may sup- 
port a diagnosis of neurogenic TOS and/or pecto- 
ralis minor syndrome. These include normal 
cervical paraspinous EMG measurements, which 
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point away from a central cause of pain, slowing 
of C8 nerve root conduction, which suggests tho- 
racic outlet compression, and prolonged latency 
and/or reduced amplitude of medial antebrachial 
cutaneous sensory nerve action potentials, which 
have also been correlated with brachial plexus 
nerve compression either above or below the 
clavicle [10-12]. 


Imaging 


Chest radiographs and four-view cervical spine 
X-rays can demonstrate rib anatomy and assess 
diaphragmatic function, and might identify the 
rare Pancoast tumor of the lung. Cervical mag- 
netic resonance imaging (MRI) allows accurate 
recognition of cervical spine pathology, but con- 
ventional MRI has not yet been shown to be help- 
ful in the diagnosis of neurogenic TOS. Repeat 
MRI in the absence of a specific cervical inter- 
vention or a new injury therefore has a high cost, 
without a distinct benefit. 





Treatment of Recurrent Neurogenic 
TOS: Non-Operative Treatment 


Attempt to Verify the Diagnosis 


It is important to identify and treat any and all 
associated diagnoses first, before considering 
treatment specific to neurogenic TOS. Liberal 
use of consultants is thereby warranted, particu- 
larly from the specialties of cervical spine sur- 
gery, pain management, physical medicine and 
rehabilitation, rheumatology, orthopedic surgery, 
hand surgery, and neurology. 


Physical Therapy 


Physical therapy is the first choice of treatment 
in attempting to improve the symptoms of recur- 
rent neurogenic TOS. By trial and experimenta- 
tion, several different treatment regimens may 
prove beneficial. General conditioning, core body 
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strengthening, and postural correction help to bal- 
ance shoulder protractors with shoulder retractors, 
and thereby lessen muscle stress. The Feldenkreis 
technique is one tool by which to address these 
goals [13-16]. Flexibility and stretching exer- 
cises are beneficial if they stretch muscles without 
causing nerve irritation. The patient and therapist 
should be instructed to avoid, both during and 
after therapy, any specific exercises that cause 
dysaethesias, paresthesias, and uncomfortable 
sensations of “nerve pulling”, “electric shocks”, 
or coldness of the extremity. The use of thera- 
bands, resistance exercises and heavy weights is 
best avoided, whereas modalities such as heat, 
ice packs, therapeutic ultrasound, and electrical 
stimulation can help to relax chronically fatigued 
muscles and to combat the muscular component 
of extremity pain. Acupuncture and use of a tran- 
scutaneous nerve stimulator are other options 
that may be of benefit for some patients. At least 
3 months of appropriate physical therapy should 
be tried before assessing the results and consider- 
ing alternative forms of treatment. 


Workplace and Lifestyle Alterations 


Sometimes the activities which stimulate intolera- 
ble symptoms of neurogenic TOS can be altered or 
replaced with activities that are less likely to pro- 
voke symptoms. Job retraining, avoidance of aggra- 
vating exercise routines, improved workstation 
ergonomics, or the use of a different bed or pillow 
may allow adequate relief of symptoms to avoid 
the need for further interventional therapies. 


Pain Management Regimens 


In many individuals with recurrent neurogenic 
TOS, sophisticated assessment by pain manage- 
ment specialists may allow sufficient improve- 
ment to avoid having to consider reoperation. The 
use of pain blocks, trigger-point injections, botuli- 
num toxin injections, and utilization of synergis- 
tic medication combinations may offer the hope 
of providing enough benefit to improve quality- 
of-life without the need for repeat surgery. 
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Treatment of Recurrent Neurogenic 
TOS: Surgical Treatment 


In cases of persistent or recurrent neurogenic 
TOS, evaluation of the details and the adequacy 
of the first operation will help in decisions regard- 
ing the type of reoperation that might be most 
beneficial. Surgical treatment is considered when: 
(1) All associated diagnoses have been optimally 
treated, or their treatment is intended to follow 
brachial plexus surgery; (2) At least 3 months of 
conservative therapy targeted towards neurogenic 
TOS have been completed, without success- 
ful or sufficient improvement in symptoms; (3) 
Symptoms are interfering significantly with work, 
activities of daily living, or recreational activi- 
ties important to the patient; and (4) Sufficient 
time has passed since the initial operation, since 
it may be preferred to wait at least 6-12 months 
to allow maturation of scar and to thereby reduce 
the elevated risk of complications associated with 
reoperation. 





Choice of Operation 
Pectoralis Minor Tenotomy 


Pectoralis minor tenotomy is the first operation to 
consider if the patient has physical examination 
findings suggesting brachial plexus compression 
in the subcoracoid space and especially if there has 
been a good response to a pectoralis minor muscle 
block. If there is minimal improvement with a pec- 
toralis minor muscle block and more improvement 
with an anterior scalene muscle block, pectoralis 
minor tenotomy can be easily added to the thoracic 
outlet decompression procedure. When performed 
alone, pectoralis minor tenotomy is a low-risk, 
outpatient procedure. A small axillary incision 
allows safe and complete pectoralis minor teno- 
tomy and release of any constricting clavipectoral 
fascia. Performance of pectoralis minor tenotomy 
does not preclude further or additional operations, 
if symptom relief is found to be inadequate. The 
effectiveness of this procedure in the treatment of 
recurrent neurogenic TOS is well documented in 
the literature [5, 17]. 
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Supraclavicular Scalenectomy 
Plus Exploration and Neurolysis 
of the Brachial Plexus 


When re-operating on the brachial plexus, it is 
beneficial to enter a previously un-operated field. 
If the first procedure utilized a transaxillary 
approach, a supraclavicular approach is chosen 
for reoperation, with performance of anterior and 
middle scalenectomy and external neurolysis of 
the nerve roots and trunks of the brachial plexus. 
In performing neurolysis, emphasis is placed on 
freeing the brachial plexus from extrinsic scar tis- 
sue but care is taken not to enter the nerve sheath 
or to dissect nerve tissue at the epineural level. 
Excising scar may include resection of thickened 
apical pleura based on the appearance and feel of 
the floor of the supraclavicular field. Scar exci- 
sion allows the surgeon to dissect, expose and 
free the nerves to the foramina of the C8 and T1 
nerve roots. Any residual cervical or first rib, if 
not excised at the initial operation and thought to 
potentially contribute to nerve entrapment, can 
also be removed at the time of supraclavicular 
re-exploration. 


Transaxillary First Rib Resection 
and Neurolysis of C8, T1, 
and Lower Trunk 


If the initial procedure was a supraclavicular sca- 
lenectomy without first rib resection, transaxil- 
lary exposure allows entry through a previously 
un-operated field. The surgeon enters the pleural 
cavity at the upper border of the second rib, dis- 
secting pleural scar from the subclavian vein, 
subclavian artery, and the lower trunk of the bra- 
chial plexus, primarily using blunt technique. 
The first rib (or residual portions of the first rib 
when the first operation included partial rib resec- 
tion) is removed, and any scarred middle and 
anterior scalene muscle remnants are excised. 
The main goal is to visualize and release the C8 
and TI nerve roots and the lower trunk of the bra- 
chial plexus from fibrous tissue entrapment. 
Circumferential arterial dissection and control 
using a vessel loop can facilitate dissection of the 
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two lower nerve roots and provides a measure of 
safety in the event that an arterial injury occurs. 


Combined Transaxillary 
and Supraclavicular Brachial 
Plexus Exploration 


Patients who have symptoms that suggest both 
upper and lower brachial plexus involvement may 
be best treated by combining the transaxillary 
and supraclavicular approaches. The transaxil- 
lary procedure is performed first and the C8 and 
T1 nerve roots are mobilized. The patient is then 
repositioned to lie supine with the head elevated 
at 20°-30°, with the neck slightly flexed and the 
chin anterior in position, to allow decompression 
of upper and middle trunks through the previously 
placed supraclavicular incision. The authors pre- 
fer this combined approach to the posterior tho- 
racoplasty approach, because it avoids the risk of 
chronic chest pain known as the “posterior tho- 
racotomy syndrome.” Additionally, by using two 
separate fields of dissection, a much wider field of 
visualization is obtained of the subclavian artery, 
the five nerve roots and all three trunks of the bra- 
chial plexus, the suprascapular nerve, the phrenic 
nerve and rarely the dorsal scapular nerve. 


Transaxillary and Supraclavicular 
Neurolysis Plus Latissimus Dorsi 
Muscle Transfer Flap 


When multiple re-operations have been performed, 
the likelihood is great that the next reoperation will 
also result in localized scar formation potentially 
causing a later return of symptoms. To avoid this 
repeat scenario in those who have undergone mul- 
tiple surgical procedures around the brachial 
plexus, the authors have utilized a latissimus dorsi 
muscle (LDM) flap transfer to cover the brachial 
plexus, after completing the combined transaxil- 
lary and supraclavicular neurolysis procedure. 
This approach is supported by earlier work in the 
literature on scarred peripheral nerves [18]. 

The procedure has three separate steps, two 
of which are complete scar excision via the 
transaxillary and supraclavicular routes. The 
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third step is to mobilize the LDM and to wrap it 
around the brachial plexus. The patient is first 
placed in a lateral decubitus position with the 
arm on a mechanical arm holder, prepping from 
the anterior midline to the dorsal spine and from 
the angle of the jaw to below the iliac crest 
(Fig. 39.2). The transaxillary dissection is per- 
formed by dissecting along the superior border 
of the second rib, identifying the subclavian 
vein and artery as well as lower trunk of the bra- 
chial plexus, taking care not to injure the long 
thoracic nerve which lies on the posterior sca- 
lene muscle. The intercostal-brachial cutaneous 
nerve may be divided to prevent postoperative 
neuralgia. Any regenerated or remaining first rib 
is excised. The thickened pleural scar is entered 
along the superior edge of the second rib and 
bluntly dissected away from the subclavian vein, 
subclavian artery, and lower trunk of the bra- 
chial plexus, grasping the pleura with a long 
clamp and excising it. All structures of the tho- 
racic outlet are identified, using a nerve stimula- 
tor in combination with a non-paralyzing 
anesthetic (Fig. 39.3). An attempt is made to 
carefully separate the lower nerve trunk from 
the subclavian artery and to visualize the T1 
nerve root. Vascular injury is the greatest risk 
during the transaxillary portion of the proce- 
dure, whereas nerve injury is of greater concern 
during the supraclavicular phase. 

Next, through a new oblique incision placed 
laterally over the ipsilateral scapula, the entire 
LDM is mobilized and based on the thoracodor- 
sal vessels. The LDM is divided at its origin and 
is totally freed from the chest wall. The thora- 
codorsal nerve is divided while leaving the LDM 
insertion attached to the upper inner humerus 
[19-21]. The flap is then rotated and passed under 
the skin bridge between the back and axillary 
incisions, and placed into the axillary space 
(Fig. 39.4). The back incision is closed over a 
drain and a local anesthetic infusion catheter, and 
the axillary incision is temporarily closed with 
staples. 

The patient is repositioned to a supine, beach- 
chair position and re-prepped with the axillary 
incision and the entire ipsilateral neck in the 
field for the supraclavicular dissection. This 
replicates the original supraclavicular technique, 
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Fig. 39.2 Surgical 
treatment of recurrent 
neurogenic TOS. 
Positioning of the patient 
and location of incisions for 
the latissimus dorsi 
rotational muscle flap 
procedure(Courtesy of 
HealthONE Presbyterian/St. 
Lukes Hospital, Denver, 
Colorado by Wes Price) 


Subcel. a. 







Lower trunk Subcel. v. 


Scarred post. 
1st rib 


T1 


Pleural edge 


2nd rib 


Fig. 39.3 Surgical treatment of recurrent neurogenic TOS. 
View of the transaxillary portion of the procedure after com- 
pletion of apical pleurectomy, resection of any residual first rib, 
and dissection of the brachial plexus nerves, subclavian artery, 
and subclavian vein (Courtesy of HealthONE Presbyterian/St. 
Lukes Hospital, Denver, Colorado by Wes Price) 


mobilizing and retracting medially the sterno- 
cleidomastoid muscle, dividing the scalene fat 
pad with a harmonic scalpel to decrease lymph 
leakage, and sectioning the omohyoid muscle if 
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it is still intact. The C5 nerve root, lateral border 
of the upper brachial plexus and phrenic nerve 
are all identified at this time. A self-retaining 
retractor is used to facilitate the exposure. 
Careful, complete external neurolysis follows, 
mobilizing the five nerve roots and three trunks 
of the brachial plexus, as well as identifying and 
protecting the subclavian artery, phrenic nerve, 
long thoracic nerve and supra-scapular nerves. 
The dorsal scapular nerve and subclavian vein 
are rarely visualized. 

After achieving complete neurolysis yet leav- 
ing the epineurium intact, the LDM flap is passed 
from the axilla over the second rib, dorsal and 
cephalad to the plexus, and in front of the long tho- 
racic nerve (Fig. 39.5). The muscle flap is then 
dropped caudally, in front of the plexus, and its tail 
is tucked into the space between lower nerve trunk 
and artery (Figs. 39.6 and 39.7). A local anesthetic 
continuous-infusion catheter (0.2 % ropivacaine) 
is inserted for long-acting pain control, being 
placed inside the LDM wrap, and a drain is placed 
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Fig. 39.4 Surgical treatment of recurrent neurogenic 
TOS. The latissimus dorsi muscle has been harvested and 
passed from the posterior to the axillary incision. Next, the 
posterior incision will be closed over a drain and a local 
anesthetic infusion catheter. The muscle will be tucked 
into the axilla and the axillary wound will be temporarily 
stapled closed (Courtesy of HealthONE Presbyterian/St. 
Lukes Hospital, Denver, Colorado by Wes Price) 


into the apex of the pleural space thru a separate 
stab wound in the axilla. The supraclavicular and 
axillary wounds are closed in layers. 

The purpose of the muscle flap is to provide a vas- 
cularized protective pad with a smooth glide surface 
on which the nerves can move. It provides a protec- 
tive cushion and is designed to be a space-filler to help 
prevent ingrowth of scar tissue into the area of the 
brachial plexus nerve bundle. Neo-vascularization is 
also a possibility, extending from the well-vascular- 
ized muscle into the adjacent nerves [3-18]. 

The authors have performed neurolysis with a 
rotational LDM flap wrapped around the brachial 
plexus 36 times on 34 patients, 29 of whom were 
women. All had disabling neurogenic symptoms, 
many having had multiple previous attempts at 
neurolysis. Complications included one patient 
with postoperative anemia requiring transfusion, 
one wound infection, one pneumonia, one with 
significant atelectesis, one exacerbation of asthma, 
and one episode of postoperative atrial fibrillation. 
There were no injuries to the subclavian artery or 
vein, or to the phrenic nerve, long thoracic nerve 
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Fig. 39.5 Surgical treatment of recurrent neurogenic TOS. 
The supraclavicular brachial plexus neurolysis has been 
completed. The axillary wound is reopened and the muscle 
flap is passed over the second rib and behind the plexus, tak- 
ing care to leave the arterial supply on the deep surface of 
the muscle. A 19 French channeled drain may be placed into 
the pleural cavity through a separate stab wound and posi- 
tioned at this time (Courtesy of HealthONE Presbyterian/St. 
Lukes Hospital, Denver, Colorado by Wes Price) 


Harmonic 
scalpel 






Latissimus 
dorsi m. 


Brachial plexus 


Fig. 39.6 Surgical treatment of recurrent neurogenic 
TOS. Excess muscle is trimmed using a harmonic scalpel 
so that the rotated muscle flap can be comfortably wrapped 
over the brachial plexus. A local anesthetic infusion cath- 
eter is placed over the plexus and under the flap (Courtesy 
of HealthONE Presbyterian/St. Lukes Hospital, Denver, 
Colorado by Wes Price) 
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Brachial plexus 


Fig. 39.7 Surgical treatment of recurrent neurogenic 
TOS. The muscle flap is inserted into the space between 
the brachial plexus nerves and the subclavian artery, and 
secured with sutures. The supraclavicular and axillary inci- 
sions are then closed (Courtesy of HealthONE Presbyterian/ 
St. Lukes Hospital, Denver, Colorado by Wes Price) 


or brachial plexus. Most patients remained hospi- 
talized for 7 days following the procedure. Follow 
up data is available on 24 patients who have been 
contacted and questioned regarding outcomes, 
with a length of follow-up ranging from 6 months 
to 7 years after the procedure (mean, 43 months). 
One patient experienced no improvement in 
symptoms of recurrent neurogenic TOS. All other 
patients experienced a decrease in symptoms and 
improvement in arm function that ranged from 30 
to 90 % by patient estimate, with the mean patient 
assessment of improvement being 60 %. These 
results have led us to consider use of the LDM 
flap in those patients suffering with severe neuro- 
genic symptoms who have failed multiple previ- 
ous attempts at surgical treatment. 
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Abstract 

Surgical intervention remains the mainstay of therapy for the treatment of 
neurogenic thoracic outlet syndrome (NTOS). Evaluation of results and 
long term outcomes following surgical treatment has been difficult because 
there are no reliable, standardized or objective criteria to establish a diag- 
nosis of NTOS and there is great variability in follow-up time and criteria 
for outcome. Various methods including subjective reporting, functional 
questionnaires, quality of life questionnaires, visual analogue scales and 
satisfaction scores have all been used to try to determine whether treat- 
ment has benefitted the patient. The etiology of the problem, patient demo- 
graphics, the description and duration of symptoms, the response to the 
selective use of anterior scalene muscle blocks and surgical technique are 
amongst the major factors that have been studied in an attempt to predict 
outcome. Postoperative complications in most contemporary series cite 
relatively low complication rates, most of which are minor. Neurological 
injuries during surgical decompression demonstrate a much lower inci- 
dence in recent publications, at no more than | % or less. 

In conclusion, few areas in surgery are as controversial as the topic of 
surgical therapy for NTOS. However, most who treat such patients believe 
that surgery remains an excellent option in properly selected patients with 
NTOS, particularly in those who have failed conservative treatment. 


Introduction 


Surgical intervention remains the mainstay of 
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results and long term outcomes following surgi- 
cal treatment has been difficult because there are 
no reliable, standardized or objective criteria to 
establish a diagnosis of NTOS and there is great 
variability in follow-up time and criteria for out- 
come. Furthermore, other pathologic conditions 
such as herniated cervical disk, rotator cuff inju- 
ries, peripheral nerve entrapment, chronic pain 
syndromes (such as chronic regional pain syn- 
dromes and fibromyalgia), as well as psychologi- 
cal conditions may mimic NTOS and affect long 
term results. It is this difficulty in diagnostic vari- 
ability (in patient selection) and measurement of 
outcomes that accounts for the wide range of 
results achieved in the literature. 


Assessment of Outcomes 


While widely variable in the literature, early 
postoperative success for surgical treatment of 
NTOS has been reported to occur in as many as 
90 % of cases [2]. Unlike venous or arterial TOS, 
there is no good objective test that has been firmly 
established to measure differences in baseline 
and post-therapeutic intervention levels. Sub- 
sequently, various methods including subjective 
reporting, [1, 3] functional questionnaires, [4-6] 
quality of life questionnaires, [7, 8] visual ana- 
logue scales and satisfaction scores [9, 10] have 
all been used to try to determine whether treat- 
ment has benefitted the patient. These scales 
integrate various subjective measurements of 
pain relief, ability to return to usual work or 
activities, reduction or freedom from narcotic 
pain medication usage, and freedom from re- 
intervention to determine outcome. Regardless 
of the method in assessing outcome, the early 
success rate has remained similar throughout the 
various studies. 


Predictors of Surgical Outcomes 


The etiology of the problem, patient demograph- 
ics, the description and duration of symptoms, 
the response to the selective use of anterior sca- 
lene muscle blocks, and surgical technique are 
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amongst the major factors that have been studied 
in an attempt to predict outcome. 

One of the most well-established factors 
predicting outcome in patients with NTOS is 
the cause of the problem. Several investigators 
have documented that injury due to trauma or 
repetitive stress injuries in the work place are 
predictors of a worse outcome [3, 11-14]. It 
has been postulated that secondary gain factors 
such as economic compensation and litigation 
issues are the confounding factors that lead to 
this. Conversely, non-laborious positions are 
associated with better outcomes than laborious 
occupations [15, 16]. 

A longer duration of symptoms prior to surgi- 
cal intervention has been associated with poorer 
outcome [3, 14, 17]. For example, Cheng found 
poorer surgical outcomes in patients whose 
symptom duration was greater than 24 months 
prior to treatment [17]. Some have postulated the 
possibility of repetitive stimulation of central 
pain pathways that result in autonomous pain 
generators over time, in a fashion similar to the 
situation in patients with chronic regional pain 
syndrome [4, 18]; this concept correlates well 
with the notion that vague symptomatology also 
has a negative effect on surgical outcomes. [5, 6] 
The exact duration of symptoms prior to surgical 
intervention that is likely to adversely affect out- 
come remains to be determined and is likely 
highly “fuzzy.” A duration of symptom cutoff as 
long as 24 months was previously described [3, 
17], but others have noticed delays as short as 
6 months correlate with worsened outcomes [1]. 
One group has gone as far as excluding patients 
with symptoms greater than 12 months, which 
interestingly resulted in more durable long term 
outcomes [4]. Intuitively, a longer duration of 
symptoms could also translate into a higher num- 
ber of prior interventions, which in turn has also 
been identified as a factor correlating with a lower 
rate of surgical success.[3] 

There is evidence that the results of preopera- 
tive anterior scalene muscle blockade correlate 
with surgical outcome [4, 19-21] (See Chap. 27). 
The accuracy of these procedures to selectively 
inject the anterior scalene muscle can be 
further increased with the adjunctive use of 
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electromyography [19], ultrasonography [22], 
and/or computerized tomography [23]. 

Demographic factors such as age [14] have 
been less well studied. One group found a higher 
rate of continued disability following surgery for 
NTOS in patients that were older at age of injury. 
Similarly, unpublished data at our institution 
derived from 159 first rib resection and anterior 
scalenectomy procedures show that surgery was 
more likely to relieve symptoms (at 12 months) 
in patients younger than 40 (90 % vs. 77.8 %, 
p<0.05). 

Surprisingly, the presence of a cervical rib as 
well as the necessity and extent of first rib resection 
itself are poor predictors of outcome. These topics 
are addressed in Chap. 13, “Cervical Ribs and 
NTOS,” but in general the surgical success rates for 
patients with a cervical rib and NTOS are no better 
than for those without. [1, 11], which supports the 
view that the diagnosis of NTOS should be made 
clinically with little reliance on the presence or 
absence of a bony anomaly [24]. The very concept 
of first rib resection after scalenectomy has been 
questioned by some [17] (See Chap. 69). This 
notion does not correlate with the concept that vari- 
ous anatomic abnormalities such as fibrous bands 
are often present, however [10, 15]. Perhaps a plau- 
sible explanation could be that acceptable immedi- 
ate results following scalenectomy can be achieved, 
but that these results may not be durable due to 
scarring and reattachment of the scalene muscles to 
the rib. Indeed, there is also evidence that the recur- 
rence rates for NTOS are higher without adequate 
rib resection [6, 15, 25, 26]. 





Postoperative Complications 


A factor that may delay surgery in patients with 
NTOS is the potential for complications [27, 28]. 
Such a delay will lead to an increased duration 
of symptom, which in turn will negatively affect 
surgical outcome. In reality, most contemporary 
series cite relatively low complication rates, 
most of which are minor. Overall complica- 
tion rates (excluding intercosto-brachial numb- 
ness) usually range between 2 and 15 % [3, 6, 
29]. Pneumothoraces, at 2-15 %, account for 
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the vast majority of complications, which are 
self-limiting and treated with tube decompres- 
sion [30]. At our institution, tube decompression 
is performed using a pediatric chest tube placed 
intra-operatively and removed the following day 
with no delay in length of stay, and many other 
institutions treat such patients with observation 
alone. Other complications that have relatively 
low rates of incidence include chylothorax, 
seroma, wound infection, and suture granuloma. 
Short of major vascular injuries (which are very 
rare (<1 %) [15]), neurological complications are 
the most devastating potential complication of 
thoracic outlet decompression. Reported results 
vary widely. Although earlier reports described 
“brachial plexus nerve injury” rates of as high 
as 24 % [31], most recent reports demonstrate a 
much lower incidence, at no more than | % or less 
[1, 2, 10, 15, 29, 32]. Other potential neurologic 
injuries (rates depending upon surgical approach, 
procedure(s) performed, and levels of suspicion 
and investigational tools used) include phrenic 
nerve injuries in up to 12 % of patients, perma- 
nent long thoracic nerve injuries in less than 1 % 
(probably underreported), and Horner’s syndrome 
(also in less than 1 %) [1, 33]. Overall, these data 
demonstrate that surgical decompression of the 
thoracic outlet can be safely performed. The sur- 
geon’s comfort with the anatomy and choice of 
surgical approach is of paramount importance in 
performing these procedures to ensure that the 
risk-benefit ratio of these procedures continue to 
justify operative intervention for NTOS. 





Late Term Outcome 


One of the main problems in the assessment of 
results following treatment for NTOS is the lack 
of aclear objective diagnostic standard. Obviously 
the most important factor influencing long-term 
results is the accuracy of this diagnosis [34]. 
Recurrent symptoms often occur following the 
initial surgery [35], which helps determine the 
patterns of failure and differences in early versus 
late outcomes. Even in series reporting the best 
possible early outcomes, such initial success has 
been reported to be followed by deterioration 
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Fig. 40.1 Life table analysis demonstrating pattern of failure over time (Reprinted from Altobelli et al. [3]. With 


permission from Elsevier) 


after 12-18 months (Fig. 40.1) and as late as 
5-10 years [7]. Outcomes in series with a mini- 
mum of 2 years follow up demonstrate overall 
success rates as low as 37 % [34] and as high as 
95 % [15]. Most series seem to document 
medium- to long-term success, however, in 
60-85 % of patients (Table 40.1). 

Despite a less than optimal long term success 
rate, however, patients that do see a benefit from 
surgery for NTOS have a significant improve- 
ment in their quality of life. Chang et al. per- 
formed a quality of life study using two validated 
patient-reported quality of life instruments, the 
Disability of the Arm, Shoulder and Hand 
(DASH) and Short-Form 12 (SF-12) surveys. 


Patients with NTOS had a significantly lower 
Physical Component Score (PCS) and Mental 
Component Score (MCS) at presentation com- 
pared to the normal population. A striking finding 
was that this score was even lower than the levels 
recorded in patients with chronic prostatitis, 
hypertension, or diabetes, and similar to those 
with chronic heart failure. Following surgery, 
however, these patients demonstrated improve- 
ments in returning to full time work or activity. 
Interestingly, in terms of quality of life, patients 
had quicker improvements in mental function 
(plateauing at 12 months following surgery) as 
compared to physical function (plateauing at 
23 months following surgery) (Fig. 40.2) [8]. 
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Fig. 40.2 Graphs demonstrating quality of life outcome 
of NTOS patients, with their (al) Physical component 
scores (PCS) and (a2) Mental component scores (MCS). 
Comparisons were made to venous TOS patients with 


Similar benefits in long term outcomes have 
been demonstrated by others. [4] In a recent series 
reported by Scali, surgically treated patients demon- 
strated a decreased need for nonsteroidal anti- 
inflammatory drugs, muscle relaxants, physical 
therapy, and subsequent additional scalene blockade. 
There was a trend towards decreased narcotic use, 
although that did not reach statistical significance [4]. 





Conclusion 

Few areas in surgery are as controversial (or as 
poorly studied) as the topic of surgical therapy 
for NTOS. Citing series showing dips in the suc- 
cess rates to 60 % several years following surgi- 
cal intervention [3, 7]. A recent Cochrane review 
concluded that “there is currently no evidence 
demonstrating the beneficial effects of estab- 
lished operative or non-operative interventions 
compared with natural progression for pain relief 
in TOS” [44]. Furthermore, good results from 
conservative treatment alone with intensive 
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their (b1) Physical component scores (PCS) and (b2) 
Mental component scores (MCS) (Reprinted from Chang 
et al. [8]. With permission from Elsevier) 


physical therapy alone [27, 45] or anterior sca- 
lene muscle block with botulinum toxin [20, 23] 
have been reported. However, most who treat 
such patients believe that surgery remains an 
excellent option in properly selected patients 
with NTOS, particularly in those who have failed 
conservative treatment [29, 46-48]. In addition, 
there is uncontrolled evidence that surgery may 
offer potential longer term benefits and significant 
improvement in quality of life over time [8]. It is 
stressed that well controlled, long-term studies 
of outcome with the varying treatment options 
available are badly needed in this area. 
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Abstract 

Neurogenic thoracic outlet syndrome (NTOS) is a relatively uncommon 
condition caused by compression and irritation of the brachial plexus 
nerve roots. The location of nerve compression may be within the scalene 
triangle at the level of the first rib or in the subcoracoid space beneath the 
pectoralis minor muscle tendon. NTOS most frequently occurs in rela- 
tively young, active, and otherwise healthy individuals, often in associa- 
tion with previous neck and/or upper extremity injury, and the symptoms 
may progress to cause substantial disability. Despite several decades of 
debate regarding proper diagnosis and optimal treatment, NTOS continues 
to be poorly understood and understudied. Thus, there is a tremendous 
need and opportunity for productive clinical research related to NTOS, 
particularly with increased emphasis on evidence-based medicine. In this 
chapter we outline some of the areas that appear to be most fruitful for 
investigation, and several strategies by which to help move forward our 
understanding and management of NTOS. 





Introduction 

R.W. Thompson, MD (2) 

Department of Surgery, Section of Vascular Surgery, Neurogenic thoracic outlet syndrome (NTOS) is 
Center for Thoracic Outlet Syndrome, a relatively uncommon condition caused by com- 
Weston Dive ey ba even pression and irritation of the brachial plexus 
Campus Box 8109/Suite 5101 Queeny Tower, ; . | 
660 S Euclid Avenue, St. Louis. MO 63110, USA nerve roots. The site of neural compression is 
e-mail: thompson @ wudosis.wustl.edu typically within the scalene triangle at the level of 
A.M. Wittenberg, MPH the first rib, but may also occur within the subco- 
Department of Internal Medicine/Cardiovascular racoid space underneath the pectoralis minor 
Division, Barnes-Jewish Hospital, muscle tendon. NTOS most frequently occurs in 


Campus Box 8109/Suite 5101 Queeny Tower, 
660 S Euclid Avenue, St. Louis, MO 63110, USA 


FJ. Caputo, MD 


relatively young, active, and otherwise healthy 
individuals, particularly those engaged in heavy 
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neck and/or upper extremity injury, previous sur- 
gical and non-surgical treatment approaches 
intended to alleviate the presenting symptoms, 
and protracted delays in diagnosis. 

The clinical presentation of NTOS is typified 
by symptoms of pain, numbness and paresthe- 
sias in the arm and/or hand, often accompanied 
by pain in the neck, chest, and/or upper back, 
with reproducible exacerbation by overhead 
positioning and use of the upper extremity. The 
symptoms of NTOS may be particularly impor- 
tant as they can progress to disability in young 
active persons in school or the prime of working 
life. A consistent constellation of physical exam- 
ination findings includes localized tenderness to 
palpation over the supraclavicular and/or subco- 
racoid space with reproduction of radiating 
upper extremity symptoms, and exacerbation of 
symptoms during positional upper extremity 
maneuvers, such as the 3-min elevated arm stress 
test (EAST). 

Conservative management based on physical 
therapy is the mainstay of initial treatment for 
NTOS, along with muscle relaxants, anti- 
inflammatory agents and adjustments in work- 
place ergonomic factors. Unfortunately, physical 
therapy alone may not improve symptoms in 
patients with substantial and/or longstanding dis- 
ability. Surgical treatment for NTOS may be rec- 
ommended in this setting but its role has often 
been controversial, due in part to differences in 
diagnostic criteria, variations in the efficacy of 
physical therapy, inconsistent indications for sur- 
gery, and diversity in the patient populations 
treated. The role of surgery has also been difficult 
to define due to the use of different surgical 
approaches, techniques and adjuncts, the rela- 
tively small clinical volumes and short-term fol- 
low-up in reported studies, and a limited 
application of defined outcome metrics by which 
to quantitatively assess results, making the fac- 
tors determining outcomes for surgical treatment 
of NTOS incompletely understood. Upon this 
background it is evident that NTOS remains one 
of the most controversial conditions in clinical 
medicine and that there is a great need and oppor- 
tunity for clinical research related to this disor- 
der. In his chapter we outline some of the most 
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needed and promising directions for clinical 
research on NTOS. 


Incidence, Etiology, 
and Pathophysiology of NTOS 


Several fundamental questions about NTOS 
remain to be resolved, related to the incidence, 
etiology and pathophysiology of this condition. 
As highlighted throughout this textbook, it is no 
longer sufficient to state that NTOS is “rare,” that 
its existence is “controversial,” or that its cause is 

“idiopathic.” The following areas need to be 

addressed to obtain better data-driven under- 

standing of the various risk factors and variables 
that might influence the development of NTOS. 

¢ There is a fundamental need for more detailed 
information regarding the actual incidence of 
NTOS in the general population, as well as 
within certain groups potentially at elevated 
risk for developing this condition (e.g., man- 
ual laborers, office workers involved in repeti- 
tive motion tasks). Use of information derived 
from population databases is a considerable 
challenge for NTOS, given variations and 
inaccuracies in diagnostic coding and incom- 
plete data. The most likely approach to help 
resolve this question will be through develop- 
ment of condition-specific registries, driven 
by physicians, therapists, clinical investiga- 
tors, and health care administrators. This effort 
will in turn require multidisciplinary consen- 
sus regarding the most appropriate criteria for 
diagnosis and patient classification. 

e Variations in anatomy surrounding the bra- 
chial plexus nerve roots are often considered a 
key factor in the development of NTOS. It is 
important to develop a better understanding of 
the pathophysiology of NTOS as related to 
congenital variations such as cervical ribs, 
first rib anomalies, and soft tissues (e.g., sca- 
lene minimus muscle, ligamentous and fibrous 
bands). 

¢ Development of NTOS is also frequently asso- 
ciated with head, neck or upper extremity 
injury, and several studies have demonstrated 
microscopic alterations in the scalene muscles 


41 Directions in Clinical Research on NTOS 





removed from patients that have undergone 
surgery for NTOS. It would be particularly 
valuable to obtain more rigorous information 
on the type and extent of scalene muscle 
trauma, and the pathological sequence of 
changes that occur within these muscles, as 
related to the development and progression of 
NTOS. Obtaining additional information on 
the types of injury that precipitate scalene 
muscle injury would also be a valuable 
direction. 

¢ Postural and functional alterations in use of 
the neck and upper extremity are common in 
patients with NTOS, but it is not always clear 
if these changes occur before the onset of 
symptoms, coincident with neural compres- 
sion, or as a secondary consequence to com- 
pensate for brachial plexus compression. 
Further investigation is therefore needed to 
evaluate the specific roles of repetitive motion 
injury, postural alterations, and imbalances in 
shoulder girdle muscle mechanics in the etiol- 
ogy of NTOS. 

e Many patients with NTOS experience a long 
and frustrating history of symptom progres- 
sion, but others appear to have symptoms that 
readily improve without extensive or invasive 
treatment approaches. It would be valuable to 
achieve a better understanding of the “natural 
history” of NTOS as it relates to the progres- 
sion and regression of symptoms over time in 
the absence of treatment, how symptoms are 
affected by various activities and other factors, 
and the potential for permanent or sustained 
nerve injury or dysfunction in those that have 
had prolonged symptoms. 





Diagnosis and Functional 
Assessment in NTOS 


The diagnosis of NTOS is typically based on 
clinical pattern-recognition, often suggested by a 
stereotypical history and description of symp- 
toms, coupled with the exclusion or identification 
of other conditions which might produce overlap- 
ping symptoms and physical exam findings. It 
remains a considerable challenge to distinguish 
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NTOS from such other conditions and there are 
to date no single definitive diagnostic tests that 
can accurately establish the presence or absence 
of NTOS. It is also apparent that patients with 
NTOS exhibit a wide range in the extent and 
severity of symptoms, and that the functional 
effects of NTOS vary considerably from one 
individual to another. Investigations to address 
the following areas will be particularly important 
to improve the diagnosis and functional assess- 
ment of NTOS. 

¢ Future progress in the field is dependent on 
defining more consistent protocols for the 
clinical evaluation of patients suspected to 
have NTOS and the most appropriate and pro- 
ductive approaches by which to establish or 
exclude this condition. It is important that pro- 
tocols include standardized aspects of the his- 
tory and physical examination as related to 
both NTOS and potentially overlapping or 
coexisting neurogenic conditions (e.g., cervi- 
cal spine and/or peripheral nerve compression 
syndromes), the potential coexistence of 
NTOS with either arterial or venous forms of 
TOS, and to avoid aspects of evaluation found 
to be unproductive, confusing, and unneces- 
sarily expensive. 

e There is a vital need to develop more clear, rig- 
orously validated, objective diagnostic criteria 
for NTOS. It is clear that this effort will be more 
similar to that used to define conditions requir- 
ing sets of diagnostic criteria, such as rheumato- 
logical diseases, as opposed to the identification 
of a single diagnostic test. The effort to develop 
criteria of this nature may involve studies from 
individual centers but will be most effectively 
achieved by a multidisciplinary consensus pro- 
cess that takes into account the diversity of 
approaches used by different specialists. 
Additional investigations will be subsequently 
needed to validate such diagnostic criteria 
against other coexisting criteria and against 
outcomes-based measures, to help understand 
the importance of individual factors in reaching 
a diagnosis and in predicting outcomes. 

¢ In conjunction with the development of stan- 
dardized approaches to clinical evaluation and 
definition of diagnostic criteria for NTOS, 
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it will be helpful to identify specific clinical 
characteristics that might more effectively 
stratify individual patients and/or better pre- 
dict outcomes of treatment. This effort, simi- 
lar to the development of “staging” systems 
for other disorders, will be especially useful in 
facilitating comparative effectiveness research 
to evaluate optimal approaches to treatment 
for patients across a spectrum of severity. 

In recent years, one of the most frequently 
used approaches to the diagnosis of NTOS has 
been the use of scalene muscle blocks with 
local anesthetic. This approach has been devel- 
oped and refined, particularly by Jordan and 
colleagues, to establish optimal methods for 
the techniques for localizing the anesthetic 
injection, use of different imaging modalities, 
spectrum of muscle targets to be injected, and 
interpretation of results; use of scalene muscle 
blocks with botulinum toxin has also been 
examined as a mode of treatment for NTOS. 
Further studies are therefore needed to con- 
tinue defining the most effective use of scalene 
muscle blocks for diagnostic, prognostic, and 
treatment purposes in patients with NTOS. 

A number of radiographic studies have been 
utilized as part of the diagnostic approach to 
NTOS, both to help exclude potential overlap- 
ping or coexisting conditions (e.g., cervical 
spine MRI for degenerative disc disease) or to 
help demonstrate brachial plexus compression 
and/or functional abnormalities (ranging from 
plain cervical spine radiographs to demon- 
strate the presence or absence of cervical ribs 
to functional MR “neurography” to detect 
nerve root impingement and _perineural 
inflammation or edema). To date, such imag- 
ing studies have not been widely accepted as 
either sufficient or necessary for the diagnosis 
of NTOS. Additional investigations are 
thereby needed to more rigorously evaluate 
the role of specific types of imaging that might 
prove useful in the diagnosis of NTOS and 
potentially in guiding treatment decisions and 
optimal approaches. 

The role of electrophysiological testing in 
the diagnosis of NTOS has been examined 
for many years, yet it is generally recognized 
that overt abnormalities on conventional 
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electromyography (EMG) and nerve conduc- 
tion velocity (NCV) studies are not usually 
present in most patients otherwise consid- 
ered to have a sound diagnosis. A number of 
explanations have been offered for the lack of 
objective findings on EMG/NCV in NTOS, 
yet some physicians insist that the diagnosis is 
flawed in the absence of electrophysiological 
abnormalities. In addition, more recent inves- 
tigations have suggested that some forms of 
NCYV testing, focused on the medial antebra- 
chial cutaneous nerve, can have a particularly 
high sensitivity and specificity in patients with 
NTOS, and may even demonstrate normaliza- 
tion following treatment. Much more study is 
needed to define the validity of electrophysi- 
ological testing in NTOS, both as an adjunct 
to clinical diagnosis and as a means to predict 
outcomes of treatment. 

¢ In addition to diagnosis, the evaluation of 
patients with NTOS typically involves an 
assessment of functional disability attributable 
to the condition. This is usually conducted by 
an informal assessment of activities and posi- 
tions that aggravate symptoms, and by evalu- 
ating the ability of the patient to perform 
specific tasks. Functional assessment is impor- 
tant in stratifying the severity of NTOS in 
individual patients, to make treatment deci- 
sions, and to estimate the potential for 
improvement and/or return to work following 
treatment. It is thereby crucial to develop bet- 
ter and more specific tools to measure func- 
tional activity and disability in patients with 
NTOS, including potentially more objective 
measures such as those that might be obtained 
through focused activity surveys, perfor- 
mance-based testing, and use of arm motion 
monitors and other technical approaches. 





Treatment Approaches to NTOS 
and Evaluation of Clinical Outcomes 


Conservative treatment with physical therapy 
and pharmacological pain management is rec- 
ommended as initial management for virtually 
all patients with NTOS, but there remain few 
studies documenting the overall response to and 
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effectiveness of this approach. Valid compari- 
sons between conservative treatment and surgi- 
cal approaches are unlikely, given that these 
treatments are generally recommended sequen- 
tially and in different clinical situations, for dif- 
ferent patient populations, and at different stages 
of disability. Thoracic outlet decompression may 
be effective and safely performed by either 
transaxillary or supraclavicular approaches, but 
valid comparisons between different operations 
are complicated by substantial variations in tech- 
nique, as well as a lack of consistent criteria for 
reporting results, and there is presently no high- 
quality evidence indicating any significant dif- 
ferences in early or long-term outcomes. Limited 
observations indicate that reoperations for recur- 
rent NTOS can be equally effective, but the opti- 
mal approach to recurrent and _ persistent 
symptoms must be individualized based on the 
previous procedure(s) performed and other 
patient-specific factors. From a limited number 
of studies using quality-of-life endpoints, it 
appears that the long-term results of surgical 
treatment for NTOS are probably considerably 
better than commonly understood or described 
in the literature, but this is dependent on rela- 
tively long periods of recovery and ongoing 
patient management. The following topics 
thereby offer a spectrum of potential directions 
for clinical research to address these various 
considerations. 

e There remains a significant need to identify 
better pharmacological approaches and proto- 
cols for pain management appropriate for 
patients with NTOS, including judicious use 
of opiate narcotic analgesics, muscle relax- 
ants, neuromodulators, antidepressants, pain 
management interventions, and psychological 
and psychiatric support. 

¢ Focused studies are needed to determine the 
optimal forms of physical therapy for NTOS 
and how individualized treatment might be 
optimally devised and translated to wider 
patient populations at various stages of 
disability. 

¢ Further investigations are needed toward the 
improvement of surgical techniques and 
adjuncts, along with approaches to postopera- 
tive care, to provide more thorough and durable 
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results of treatment for NTOS. This in turn 
will depend on better understanding of the 
causes and mechanisms of persistent and 
recurrent NTOS. Efforts to identify optimal 
postoperative physical therapy and rehabilita- 
tion regimens, as well as goal-directed return- 
to-work protocols, are important toward 
improving surgical outcomes. 

It will remain valuable to identify and exam- 
ine “best approaches” from treatment centers 
specializing in the management of patients 
with NTOS and to prospectively evaluate how 
approaches unique to such centers might be 
most effectively translated to other centers 
where NTOS might be treated less frequently. 
Similarly, it will be valuable to explore the 
clinical outcomes and implications of region- 
alization of specialist care for NTOS and how 
this has been implemented in different areas 
of the country. 

Treatment approaches to NTOS utilizing 
scalene/pectoralis muscle injection with bot- 
ulinum toxin injections have been explored 
in recent years, but the results of this 
approach remain uncertain and likely tempo- 
rary at best. Use of botulinum toxin would 
nonetheless appear to have promise in some 
clinical settings. Better definition of the role 
for botulinum toxin in the treatment of at 
least some subsets of patients with NTOS 
would therefore be a fruitful area for further 
study. 

It will remain crucial to better characterize 
current short- and long-term outcomes for the 
treatment of NTOS and to establish which 
outcomes measures are optimal for assessing 
results for this condition. It is clear from recent 
studies that the application of current quality- 
of-life instruments is feasible and valid for 
longitudinal assessment in this patient popula- 
tion and can be expected to yield a great deal 
of new information regarding the long-term 
outcomes of patients with NTOS. This effort 
will be best achieved through development of 
one or more large registries by which patient 
outcomes can be accurately tracked. 

The best management of patients with persis- 
tent and recurrent symptoms of NTOS follow- 
ing surgical intervention remains to be defined, 
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along with the application of various topical 
medications and adjunctive interventional 
techniques, such as trigger-point (muscle) 
injections and spinal cord stimulators. The 
role of reoperations for NTOS also remains an 
understudied area, as is the role of various 
treatment options for disorders that often 
coexist with NTOS, such as complex regional 
pain syndrome (CRPS). 




















Conclusion 

In summary, despite the recognition that there 
are substantial variations in the diagnosis and 
treatment of NTOS between various specialists 
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and across the country, this disorder continues 
to be poorly understood and understudied. 
There is a tremendous need and opportunity 
for productive clinical research related to 
NTOS, particularly with an increasing emphasis 
on evidence-based medicine. While the topics 
described in this chapter offer some of those 
appearing most fruitful for further investigation, 
there will undoubtedly be other important areas 
yet to be discovered. The importance of sound 
clinical research efforts and novel investigative 
strategies cannot be overstated, as a vital means 
by which to advance our understanding and 
management of NTOS. 


Part V 


Neurogenic TOS: Controversies in NTOS 


The title of this section: “Controversies in NTOS” is almost redundant, as 
NTOS is arguably one of the most controversial conditions in medicine. 
Practitioners involved with NTOS patients invariably have opinions regard- 
ing the optimal method for diagnosis and treatment of this condition, but 
comparative clinical trials are lacking. In this section, experienced TOS clini- 
cians discuss their viewpoints regarding the pathophysiology, diagnosis and 
surgical treatment of NTOS. 

Establishing a correct diagnosis of NTOS is paramount to a successful 
treatment outcome, and controversies in establishing this diagnosis are 
addressed in two of the chapters in this section. Dr. Johansen discusses the 
role of laboratory studies in diagnosing NTOS, and outlines the advantages 
and limitations of the various diagnostic modalities. Dr. Urschel and col- 
leagues discuss the difficult question of whether the diagnosis of NTOS is 
over or under-utilized. 

The role that inflammation plays in the pathophysiology of NTOS symp- 
toms is discussed by Dr. Ellis. He also outlines a strategy for treating NTOS 
by modulating the inflammatory response both locally and systemically. 

There is no consensus on the ideal surgical treatment of NTOS. The two 
most common approaches, the transaxillary and the supraclavicular, are dis- 
cussed by Dr. Green. He discusses his recommendations for the ideal sce- 
nario for each surgical approach. Dr. Sanders, with his extensive experience 
performing scalenectomy with and without first rib resection, discusses the 
necessity of removing the first rib during thoracic outlet surgery. Finally, tho- 
racic outlet surgery is performed by a variety of subspecialists including vas- 
cular, thoracic, neuro, orthopedic and plastic surgeons. Dr. Donahue reviews 
the various technical nuances that each surgical subspeciality brings to the 
operating room in performing thoracic outlet decompression. 
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in Patients with NTOS? 


Kaj H. Johansen 


Abstract 


The diagnosis of neurogenic thoracic outlet syndrome (NTOS) is made on 
clinical grounds and affirmed by a positive response to a properly per- 
formed scalene muscle block. Numerous laboratory evaluations — includ- 
ing electrodiagnostic, non-invasive vascular, and cross sectional imaging 
studies — have been used in the assessment of patients potentially harbor- 
ing neurogenic TOS. However, none has a sensitivity and specificity to a 
degree that is dependable in making the diagnosis of the condition. Instead, 
such laboratory tests are useful in ruling out the alternative conditions with 
which neurogenic TOS may initially be confused. 


Introduction 


All involved in the management of patients poten- 
tially harboring neurogenic thoracic outlet syn- 
drome (NTOS) agree that this condition is 
diagnosed predominantly on clinical grounds, i.e. 
on the basis of the patient’s injury history, symp- 
tomatology, physical examination — including 
various provocative maneuvers — and clinical 
course over time, including the patient’s response 
to various conservative measures such as rest or 
physical therapy. The role of various scalene (or 
other) skeletal muscle denervation tests, consid- 
ered by many to be crucial confirmatory evalua- 
tions for the diagnosis of NTOS, is discussed in 
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Chap. 20. Is there a role for additional testing in 
confirming, refining or ruling out the diagnosis of 
NTOS? 

Three broad categories of laboratory examina- 
tions — imaging studies, noninvasive vascular 
laboratory assessment, and_ electrodiagnostic 
modalities — have been utilized in patients thought 
possibly to harbor NTOS. The accuracy and rel- 
evance of such studies continues to be debated, to 
a substantial degree because of an ongoing lack 
of complete certainty about the underlying 
pathophysiology of NTOS. 


Medical Imaging Studies 


Numerous different types of medical imaging 
studies can provide excellent definition of the 
anatomy of the thoracic outlet, both in normal 
subjects as well as in patients who may harbor 
NTOS [1]. Some may also have a role to play in 
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demonstrating (or at least suggesting) pathophys- 
iologic changes characteristic of NTOS in the 
brachial plexus or the structures which surround 
it, although correlation between imaging and out- 
comes have not been thoroughly studied (see 
Chap. 18). 

Plain radiography can upon occasion provide 
useful insights in patients whose clinical picture 
suggests the presence of NTOS. An obvious 
example is the demonstration, on a cervical 
spine or apical lordotic chest x-ray, of the pres- 
ence of a cervical rib, a displaced or ectopic first 
thoracic rib, or a past or current clavicular frac- 
ture. Bony erosion in this region may indicate 
the presence of an apical pulmonary (Pancoast) 
or other malignancy, invasion of which into the 
brachial plexus results in the patient’s NTOS 
symptoms. 

Standard gray-scale ultrasonography has been 
utilized for assessment of the anatomy of the tho- 
racic outlet [2]. Such studies can demonstrate 
scalene muscle hypertrophy, a constant finding in 
patients with NTOS. 

Computerized tomographic (CT) scanning has 
less commonly been utilized for anatomic assess- 
ment of the structures of the thoracic outlet. 
Particularly when contrast-enhanced, CT scan- 
ning provides excellent detail of various anatomic 
relationships, both normal and abnormal, at this 
level [3], but data are sparse in this regard. 

Magnetic resonance (MR) imaging has been 
extensively utilized in the evaluation of the ana- 
tomic relationships within and around the tho- 
racic outlet. Because of this modality’s capability 
to characterize normal and abnormal tissue 
densities representative of various forms of 
pathophysiology in the region, MR has provided 
real insights into this condition. For example, 
abnormal scalene muscle structure (edema, 
hypertrophy, scarring, inflammation) can be dem- 
onstrated with exquisite detail on MR imaging of 
the thoracic outlet and its structures [4]. However, 
whether MR (or other) imaging studies can pro- 
vide diagnostic results which are of a high enough 
sensitivity and specificity to be utilized as a “gold 
standard” for the diagnosis of NTOS remains 
elusive. 
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Noninvasive Vascular Laboratory 
Evaluation 


Various vascular ultrasonographic modalities 
have been utilized in the assessment of patients 
thought possibly to be harboring NTOS. Most 
commonly, vascular laboratory studies, both 
direct (by focused duplex scanning [5]) and indi- 
rect (by digital plethysmography [6]), have been 
utilized to attempt to demonstrate extrinsic com- 
pression of the subclavian artery (or vein) within 
or near the thoracic outlet. Because the subcla- 
vian artery travels through the thoracic outlet in 
close proximity to the brachial plexus, it is felt by 
some that the same extrinsic compression which 
results in the symptoms of NTOS should also 
impinge upon the subclavian artery at this site. 
Indeed, presuming that such extrinsic compres- 
sion is part of the actual pathophysiology of 
NTOS, the negative predictive value of a normal 
subclavian artery duplex scan (i.e. unchanged 
with the arm in provocative postures) is likely 
high. However, because at least 30 % of the nor- 
mal asymptomatic population demonstrate 
extrinsic compression of the subclavian artery 
with the arm in the same provocative postures 
[7], the positive predictive value of an abnormal 
subclavian duplex scan in a patient thought to be 
harboring NTOS is so low as to make such a 
finding nondiagnostic. 


Electrodiagnostic Studies 


It would seem logical that a condition such as 
NTOS caused by neural compression at the level 
of the thoracic outlet would be characterized by 
consistent electrodiagnostic abnormalities. While 
this is indeed the case in the event of cases result- 
ing from direct blunt or penetrating brachial 
plexus trauma [8], the vast majority of patients 
with nonspecific NTOS have normal (or at least 
inconclusive) results of standard electrodiagnos- 
tic studies [9, 10]. Indeed, when such patients’ 
studies show an abnormal result, the abnormality 
is almost uniformly indicative of nerve impinge- 
ment either centrally at the cervical spine or at 
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more peripheral sites such as the carpal or cubital 
tunnels (see Chap. 19). 

In NTOS patients, routine electrodiagnostic 
testing demonstrates neither nerve conduction 
abnormalities at the site of brachial plexus com- 
pression nor neuromuscular disturbances more 
peripherally, probably for three separate reasons. 
First, the site of nerve compression — at the level 
of the scalene triangle — is too medial for place- 
ment of a “control” electrode for measurement of 
nerve conduction abnormalities across the site of 
nerve impingement [11]. Second, standard elec- 
trodiagnostic studies are too insensitive, i.e. do 
not have adequate resolution, to detect the nerve 
or muscle membrane changes relevant to the bra- 
chial plexus compression that occurs in the usual 
form of NTOS. Finally, NTOS is a dynamic con- 
dition in which pathophysiologic compression of 
the brachial plexus usually occurs only with the 
arm in provocative postures: Extrinsic impinge- 
ment on the brachial plexus is not constantly 
present. 

Pilot studies of newer and more sensitive elec- 
trodiagnostic techniques — for example, that of 
the median antebrachial sensory nerve conduc- 
tion velocity [12, 13] — have been introduced but 
have yet to be validated. Further, such studies 
appear to have substantial variability based upon 
operator skill and persistence. 





Other Laboratory Studies 


Histopathologic evaluation of scalene muscle 
removed at the time of thoracic outlet decom- 
pression surgery has demonstrated a predictable 
alteration of such muscle, including a markedly 
increased collagen deposition and a wholesale 
change in skeletal muscle fiber type [14]. Such 
findings are currently ex post facto only — they 
simply help confirm that the condition being 
treated was indeed NTOS — but their consistency 
suggests the possibility that some as-yet undeter- 
mined new imaging or electrophysiologic study 
might be demonstrated to be adequately sensitive 
and specific for use in diagnosing NTOS during a 
preoperative evaluation. 





Discussion 


As noted above, the diagnosis of NTOS depends 
to a significant degree upon the patient’s clini- 
cal presentation and course. A critical aspect of 
making the diagnosis of NTOS, however, is the 
satisfactory exclusion of alternative diagnoses 
which might share a similar clinical presentation 
to that of NTOS, such as abnormalities of the 
cervical spine or nerve roots, shoulder pathol- 
ogy, myofascial or rheumatologic conditions 
such as fibromyalgia or polymyalgia rheumatic, 
or a peripheral nerve compression syndrome. 
Many of these conditions can be ruled in or out, 
thereby narrowing the differential diagnosis, by 
means of the various laboratory or imaging stud- 
ies discussed above. MR or CT scanning of the 
shoulder joint can accurately demonstrate the 
presence or absence of a rotator cuff tear; elec- 
trodiagnostic or medical imaging studies can 
demonstrate the presence of cervical spine or 
neural foraminal abnormalities; and EMG and/ 
or NCV studies are highly sensitive and specific 
in finding the presence of carpal or cubital tunnel 
syndrome. 

Accordingly, perhaps the greatest role to be 
played by the performance of various laboratory 
studies in assessing patients thought potentially 
to be harboring NTOS is to rule out alternative 
competing conditions. If cervical spine, nerve 
root, shoulder and peripheral nerve compression 
problems have been satisfactorily excluded, the 
likelihood that NTOS is the actual diagnosis rises 
markedly. The profusion of diagnostic tests pro- 
moted to evaluate patients who might be harbor- 
ing NTOS is proof positive of the unhappy truth 
that none is adequately sensitive or specific to 
confirm or eliminate that diagnosis, but such 
evaluations remain valuable for excluding other 
potential diagnoses. 
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Inflammation and Symptom 
Formation in NTOS 
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Abstract 

NTOS frequently becomes chronic with spreading and migrating sensory, 
motor and autonomic dysfunction that is poorly understood. Intraoperative 
thermography, microscopy, and cytokine staining revealed “innervated 
fibrosis” of brachial plexus nerve trunks leading to the local presence of 
pro-inflammatory cytokines. Because similar abnormal, actively secreting 
growths have been reported in a wide variety of chronic, painful disorders, 
suggesting a common etiology, we propose a model involving potentially 
de-differentiated neurites and Schwann cells as well as activated mast 
cells, macrophages, and fibroblasts to account for symptom formation, 
progression, and intransigence. This conceptual structure suggests new 
strategies for better symptom control, including thorough brachial plexus 
neurolysis at the time of operation, perineural anti-inflammatory treat- 
ment, and systemic anti-inflammatory modulation. 


Any practitioner who treats patients with neuro- 
genic Thoracic Outlet Syndrome (NTOS) for any 
length of time is aware of the wide variety, spread, 
and intermittency of reported symptoms. In addi- 
tion, many patients with apparently optimal tho- 
racic outlet decompression and non-operative 
therapy do not improve. Inflammation has been 
implicated in an increasing number and wide 
variety of problems in the human body. For all 
these reasons we have explored the potential role 
of inflammation in patients with NTOS. 
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We have closely analyzed the small foci of 
adherent fibrous tissue shown to be neurologi- 
cally active using intra-operative thermography 
and examination of specimens removed during 
neurolysis of the brachial plexus and cervical 
roots in patients being operated on for NTOS. 
Histological examination showed that these 
fibrous foci were richly innervated with both 
myelinated and unmyelinated nerve fibers. Many 
of these were immature and secreting calcitonin, 
gene related peptide, and Substance P, all 
proinflammatory neuropeptides involved in pain, 
hyperesthesia, and autonomic dysfunction, and 
existing in an extracellular matrix richly popu- 
lated by macrophages, mast cells and fibroblasts [1]. 
This finding of such cellular and molecular sub- 
strates may help explain the evolution and spread 
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of painful, disabling symptomatology in NTOS 
[2, 3]. Interestingly, this same perpetuating mech- 
anism of “innervated fibrosis” spreading both 
locally and distantly via neurogenic inflammatory 
mechanisms is operant in multiple other disor- 
ders ranging from endometriosis to varieties of 
migraine [4, 5]. 

Events that initiate NTOS are thought to be 
those that directly traumatize the brachial plexus, 
most commonly a seatbelt, flexion-extension, or 
acute stretch trauma during a motor vehicle acci- 
dent (MVA) [6]. The consequent inflammatory 
edema activates neuropeptides and cytokines 
initiating a plethora of various growth and 
inflammation stimulating cascades (cytokine, 
interleukin, chemokine, many growth factors, 
and, importantly, a minimal arachidonic acid cas- 
cade limiting steroid effectiveness) with potential 
long term consequences [7, 8]. This situation 
leads to an environment suitable for the initiation 
of recurrent neurogenic inflammation caused by 
Schwann cell activation resulting neurite ingrowth 
from nervi nervorum (perhaps from or associated 
with investing fibrosis) at first intra and then peri- 
neurally becoming macroscopic “innervated 
fibrosis” over time [9]. Mechanosensitivity of 
both neural and glial (Schwann) cells, probably 
due to continued neuritic de-differentiation, leads 
to further generation of inflammatory and trophic 
factors perpetuating and extending the pathology 
and creates the groundwork for double, triple 
crush injuries as well as scalene hypertrophy and 
fibrous interdigitations[10, 1 1]. De-differentiation 
explains not only the continued hyperesthesia 
and paresthesias but also easy re-injury, thera- 
peutic unresponsiveness, spread, continued dis- 
ability and an excellent response to terminal 
differentiation as induced by erythropoietin. 

A second proposed major category of initiat- 
ing events for NTOS is constant mechanical ten- 
sion (for example: repetitive work injury) of the 
brachial plexus and its rami [12]. The primary 
problem seems to lie not with the nerve itself but 
with the supporting Remak Schwann cells which, 
in response to tension or ischemia, initiate local 
neuronal sprouting and neurite ingrowth by 
decreasing myelin associated glycoprotein 
expression [13]. Continued mechanosensitivity 
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facilitates the progression of the innervated 
fibrosis described above leading to the evolution 
of general, shared symptoms over time, despite 
varied initial presentations. Why some, mainly 
women, become affected with chronic, progres- 
sive symptoms while others recover remains 
unanswered but there are hints that the genome 
could provide some answers [14]. 

In over half of these patients, initial symptoms 
are pain in the shoulder arm and hand. Following 
initial injury symptoms originate locally and then 
spread both distally and centrally, driven by the 
released cytokines [15]. Patients with repetitive 
work injury usually develop hand pain initially 
followed by proximal spread of symptoms. Many 
of these patients therefore receive carpal tunnel 
decompressions with no benefit, but then do 
receive significant relief from thoracic outlet 
decompressions, underscoring the importance of 
the brachial plexus lesion being the underlying 
cause of the referred pain in the forearm, wrist, 
and hand. 

Headaches, especially those suboccipital, 
radiating, and migranoid in nature, have been 
long recognized as a presenting sign of NTOS 
[16]. Ulnar paresthesias, severe episodic left 
chest and arm pain, cold sensitivity, hyperhidro- 
sis, varied gastrointestinal and genitourinary 
symptoms, and episodes of hyperesthesia or allo- 
dynia can all precede clinical diagnosis of NTOS 
or accompany its development [17]. 

It is likely that the products of nerve driven 
inflammation not only change the involved 
nerves themselves but also diffuse to involve 
nearby structures such as the stellate ganglion, 
vagus, laryngeal or phrenic nerves. In addition 
this process could affect the dorsal root gan- 
glion, spinal dorsal horn, producing motor 
symptoms that seem unrelated but are, in fact, 
driven by the basic pathophysiology of NTOS 
[18-20]. Central sensitization and mirror symp- 
tomatology occur with time after repeated re- 
injuries of the already sensitized nerves and 
account for much of the subsequent spread and 
additional dysfunction [21]. 

In summary, evidence suggests that trauma, 
overt or subtle, leads to small intra and per-neural 
foci of inflammation and neural ingrowth as part 


43 Controversies in NTOS: Inflammation and Symptom Formation in NTOS 313 





of the fibrosis around the brachial plexus and adja- 
cent structures. This leads to a wide variety of pain 
and sensory symptoms, but also explains auto- 
nomic and motor disturbances depending on the 
location, combination, and concentration of 
inflammatory substances expressed. Recurrent and 
or self-perpetuated activation of this process, 
driven probably by immature neuro-glial elements, 
results in spreading pathology and symptoms for 
what is, essentially, aberrant wound healing. 

This formulation, although conjectural, 
explains the varied clinical and tissue findings, 
and lack of response to many therapies. In addi- 
tion, it suggests new interventions. Most impor- 
tantly it implies that aggressive neurolysis of the 
brachial plexus during operation may be of benefit, 
coupled with directed local or systemic pharma- 
cologic interventions, one of which, erythropoie- 
tin, acts by inducing terminal differentiation in 
immature neurites and Schwann cells [22, 23]. 
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Abstract 

Most believe that proper treatment of neurogenic thoracic outlet syndrome 
(NTOS) requires excision of the first rib and adequate scalenectomy. The 
supraclavicular approach allows most thorough scalene muscle excision 
and brachial plexus neurolysis, while the transaxillary approach is most 
cosmetic and seems to decompress the thoracic outlet very nicely. Large 
series utilizing either approach show excellent and equivalent results. 
I believe that the patient with upper plexus symptoms, cervical tenderness, 
a broad bony cervical rib and/or a history of trauma is best treated by 
supraclavicular first rib excision. By contrast, those patients with clear-cut 
lower plexus (ulnar nerve) symptoms in the absence of trauma should be 


offered transaxillary resection. 


There are large series of patients from reputable 
centers demonstrating that neurologic thoracic 
outlet syndrome (NTOS) can be safely and suc- 
cessfully treated by both transaxillary and supra- 
clavicular [1-3]. I believe that both procedures 
are complimentary and that anyone treating 
patients with NTOS should be facile in each. The 
choice for me largely depends on the patient’s 
presenting symptoms, the body habitus, and the 
presence of bony anomalies. 

Whether or not NTOS exists remains a matter 
of debate [4]. As my own practice has evolved 
I am recommending operative decompression 
in fewer patients while utilizing therapy and 
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conditioning as my first and best option unless an 
accompanying anatomic abnormality is identified 
or the patient presents with a significant neuro- 
logic impairment [5]. Nonoperative therapy con- 
sists of correcting any muscular imbalance in the 
cervicoscapular region by increasing mobility, 
strength (endurance) and range of motion all with 
the goal of decreasing compression on the bra- 
chial plexus. In addition to traditional physical 
therapy, postural training to correct drooping or 
sagging shoulders is essential. When aggressive 
nonoperative management fails in a compliant 
patient there is usually a fixed anatomic abnor- 
mality such as a fibromuscular band that requires 
decompression. 

A review of our experience with NTOS at the 
University of Rochester in 136 patients was con- 
ducted to determine what factors affected out- 
come after transaxillary first rib resection [6]. 
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The mean follow-up was 60+7 months. 
Secondary supraclavicular operations were 
required in 20 patients. This rather high recur- 
rence rate has been noticed by others [7]. The 
quality of the operative result was determined by 
whether the patient was able to return to pre-ill- 
ness activities and whether the patient would 
undergo operation again if the same result would 
be obtained. The most important determinant of 
result was a history of trauma precipitating the 
neurologic symptoms, particularly in women. 
Only 25 of the 53 patients (47 %) with a history 
of trauma returned to pre-illness activities com- 
pared to 65 of the 83 patients (78 %) without 
such a history. Overall patient satisfaction was 
not affected by trauma. Thirty-eight of the 53 
patients with trauma (72 %) and 69 of the 83 
patients (83 %) without trauma were satisfied. 
When the men and women were analyzed sepa- 
rately men were found to have better results after 
trauma than did women. Other factors with a 
negative impact on operative results were the 
need to return to an activity that required repeti- 
tive arm movements, coverage under a worker’s 
compensation insurance policy, and fixed joint 
abnormalities or neurologic findings in the upper 
extremity. The presence of an anatomic abnor- 
mality had no effect on operative results. These 
factors should all be considered before recom- 
mending first rib resection to a patient with 
NTOS. 

The decision to recommend the transaxillary 
or supraclavicular approach should be made on 
the basis of the patient’s presentation. Patients 
with upper plexus symptoms (C5, C6 or C7) or 
those with broad cervical ribs are best treated 
with a supraclavicular approach. Patients with 
upper plexus compression present with sensory 
changes in the first three fingers and pain in the 
anterior chest, deltoids and parascapular area as 
well as down the outer arm to the extensor mus- 
cles of the forearm. Patients with lower plexus 
compression (C8 and T1) exhibit sensory changes 
in the fourth and fifth digits with muscle pain or 
weakness anywhere from the rhomboid area to 
the intrinsic muscles of the hand. Patients with 
long narrow cervical ribs usually present with 
lower plexus symptoms and can be treated with a 
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transaxillary approach. Whereas the supraclavic- 
ular approach allows division of each of the sca- 
lene muscles and visualization of the plexus and 
any anomalous fibrous band as well as removing 
the first rib, the transaxillary approach allows 
removal of the rib and release of all the muscular 
attachments but yields a less complete decom- 
pression. Despite what appears to be a clear-cut 
distinction between the two forms of NTOS, the 
transaxillary approach can relieve upper plexus 
symptoms, probably because most muscles and 
ligaments that compress the upper plexus attach 
to the first rib. In addition, anatomic studies show 
that the median nerve usually implicated in the 
upper plexus syndrome receives fibers from C8 
and T1. 

The pathophysiology of NTOS is most often a 
combination of an anatomic predisposition to 
plexus pressure plus an injury to the scalene mus- 
cles [8]. The predisposition can be a congenital 
band, ligament, or cervical rib that narrows the 
scalene triangle, or it can be a variation in ana- 
tomic relationships whereby the cords of the bra- 
chial plexus emerge at a point high in the scalene 
triangle where the anterior and middle scalene 
muscles are very close. Injury to the scalene mus- 
cles result in muscle fibrosis and mild plexus 
compression by tightened or spastic anterior and 
middle scalene muscles. 

One of the strongest arguments for the supra- 
clavicular approach is a study showing that 83 % 
of patients with TOS had the nerves of the bra- 
chial plexus emerge from the scalene triangle in a 
high position where there is no space, compared 
to an incidence of only 40 % in cadaver controls 
[9]. Scalene muscle involvement has been given 
increased credibility by recent histologic studies 
of scalene muscles in patients with NTOS, which 
have revealed a consistent pattern of abnormal 
fiber type change (type 1 predominance and type 
2 atrophy) plus an increase in connective tissue to 
an average of 35 % (controls were under 15 %). 
The positive correlation of improvement after 
scalene muscle block and after scalenectomy or 
rib resection gives validity to implicating the sca- 
lene muscles as the site of disease. Since TAFRR 
only disconnects these muscles from the first rib, 
it may be an inadequate procedure when the 
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scalene muscles are involved in this pathologic 
process. 

In conclusion, while both approaches can lead 
to excellent results, I believe that the patient with 
upper plexus symptoms, cervical tenderness, a 
broad bony cervical rib and/or a history of trauma 
is best treated by supraclavicular first rib exci- 
sion. By contrast, those patients with clear-cut 
lower plexus (ulnar nerve) symptoms in the 
absence of trauma should be offered transaxillary 
resection. 
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The first rib may not always require excision in NTOS. It has been shown 
that the pathology is in the scalene muscles (fibrosis), not in the rib. 
Scalenectomy alone has as good a long-term improvement rate as first rib 
resection, and rib resection results in more complications and morbidity. 
However, if when performing scalenectomy, the lower trunk of the bra- 
chial plexus is found to lie touching the first rib, it should be excised. 


Introduction 


Most clinicians today believe that the first rib 
should be excised in essentially all patients with 
NTOS, but there are both theoretical and empiri- 
cal data to suggest that this does not always need 
to be performed. 


The Pathology is in the Scalene 
Muscles 


It has been well documented that in most patients 
with neurogenic thoracic outlet syndrome (nTOS) 
the pathology lies mainly in the scalene muscles, 
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primarily anterior but also middle. Supporting 

this point of view are the following: 

1. Histologic demonstration of a_ threefold 
increase in the amount of scar tissue in the 
scalene muscles of nTOS patients [1] (See 
Fig. 6.2). 

2. Histologic demonstration of an increase in 
slow twitch muscle fibers (Type 1) and 
decrease, atrophy, and anisocytosis of fast 
twitch fibers (Type 2) [1, 2] (See Fig. 6.2). 

3. The observation that scalene muscle block 
with lidocaine relaxes the anterior scalene 
muscle and relieves most symptoms within 
120 seconds [3, 4]. 

4. And, most importantly, the observation that 
scalenectomy without first rib resection has as 
good a success rate as scalenectomy with first 
rib resection [5, 6]. 

Although first rib resection is the most com- 
mon operation for relief of symptoms of nTOS, 
we suggest that it is successful not because the 
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Fig. 45.1 (a) Almost 
vertical first rib which rests 
against the lower trunk of the 
brachial plexus and is 
excised. (b) Curved first rib 
which usually lies free of the 
lower trunk and is not 
removed (Reprinted from 
Sanders [9]. With permission 
from Elsevier) 


first rib has been removed but rather because to 
remove the rib anterior and middle scalenotomy 
must be performed. 

It should be noted that some nTOS patients 
who undergo scalenectomy without first rib 
resection do not improve and a second operation 
to remove the rib is required. While identifying 
these patients is difficult, we have found that at 
the time of performing supraclavicular anterior 
and middle scalenectomy the relationship of the 
lower trunk of the brachial plexus and first rib can 
easily be observed. If the nerve is in contact with 
the rib, the rib is removed; otherwise the rib 
remains. In following this protocol we found that 
only about 30 % of patients require first rib resec- 
tion while 70 % require scalenectomy alone, with 
the overall success rate in both groups being the 
same [5-8]. 
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In a retrospective review of chest x-rays in 
patients who did or did not have their first ribs 
excised patients in whom the rib was excised had 
a vertical, straight first rib on chest x-ray 
(Fig. 45.1a) while most patients who had no first 
rib removal had a wide curve in their first ribs 
(Fig. 45.1b). The chest x-ray can be used to pre- 
dict who will need first rib excision, but because 
this is not totally accurate, the final decision of 
who needs their first rib excised must still be 
made on observations in the operating room. 


Advantage of Sparing the First Rib 
Complications are more frequent with rib resec- 


tion compared to scalenectomy without rib resec- 
tion. In an analysis of complications in 740 
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primary TOS operations (301 scalenectomies 
alone and 439 rib resections, both transaxillary 
and supraclavicular), the incidence of plexus 
injuries, long thoracic nerve injuries, and major 
hemorrhage each occurred in between | and 2 % 
of patients after rib resection versus zero to 0.3 % 
for those undergoing scalenectomy alone [10]. 
Furthermore, recovery time is shorter and mor- 
bidity less when the first rib is spared. 





Conclusion 

Several authors have noted that the results of sca- 
lenectomy without first rib resection are the same 
as scalenectomy with first rib resection. In our 
hands, the decision to remove or spare the first rib 
is determined by observing the relationship of the 
first rib to the lower trunk of the brachial plexus 
after the scalene muscles have been excised while 
the supraclavicular incision is still open. If the 
nerve trunk is touching the first rib the rib is 
excised, but if there is at least 2-3 mm of space 
between nerve and rib it is left alone. Finally, the 
shape of the first rib on the preoperative chest 
x-ray can usually predict who will need first rib 
excision on this basis — a rib that runs in a vertical 
direction is often removed, while first ribs that 
have a wide curve on x-ray usually are not. 
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Abstract 

The topic of this chapter is to address the rhetorical question, “Is neurogenic 
thoracic outlet syndrome (TOS) overdiagnosed or underdiagnosed,” and 
the answer depends a great deal on the experience of a given physician, 
medical center, or geographic location. The necessity of a multi-disciplin- 
ary team to improve the diagnosis and treatment of this difficult condition 
renders a variety of situations with regard to the question at-hand. For 
example, if a physician is in solitary practice or isolated geographically, it 
is very unlikely that they will “overdiagnose” neurogenic TOS unless they 
happen to know a great deal about it (from some form of unique previous 
exposure in training or practice), have it themselves, or something similar. 
On the other hand, if he or she is a member of a large primary care or 
multidisciplinary group, or one of several referring specialties (such as 
thoracic surgery, cardiovascular surgery, neurology or neurological 
surgery, orthopedic surgery or sports medicine, physical medicine and 
rehabilitation, pain management medicine, psychiatry, cardiology, internal 
medicine or general practice), the diagnosis of neurogenic TOS may well 
have been regularly considered in a differential diagnosis and this condi- 
tion may even have been even “overdiagnosed.” 
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Introduction 


The topic of this chapter is to address the rhetori- 
cal question, “Is neurogenic thoracic outlet syn- 
drome (TOS) overdiagnosed or underdiagnosed,” 
and the answer depends a great deal on the expe- 
rience of a given physician, medical center, or 
geographic location. The necessity of a multi- 
disciplinary team to improve the diagnosis and 
treatment of this difficult condition renders a 
variety of situations with regard to the question 
at-hand. For example, if a physician is in solitary 
practice or isolated geographically, it is very 
unlikely that they will “overdiagnose” neuro- 
genic TOS unless they happen to know a great 
deal about it (from some form of unique previous 
exposure in training or practice), have it them- 
selves, or something similar. On the other hand, 
if he or she is a member of a large primary care or 
multidisciplinary group, or one of several refer- 
ring specialties (such as thoracic surgery, cardio- 
vascular surgery, neurology or neurological 
surgery, orthopedic surgery or sports medicine, 
physical medicine and rehabilitation, pain man- 
agement medicine, psychiatry, cardiology, inter- 
nal medicine or general practice), the diagnosis 
of neurogenic TOS may well have been regularly 
considered in a differential diagnosis and 
this condition may even have been even 
“overdiagnosed.” 

One illustrative example of these differences 
is at our institution, Baylor University Medical 
Center in Dallas, Texas, where three physicians 
(Dr. Edward M. Krusen, Jim Caldwell and 
Charles Crane) were all very experienced with 
the techniques involved in the diagnosis of neuro- 
genic TOS. They evaluated over 8,000 patients 
per year for upper extremity neuromuscular 
symptoms, and made the diagnosis of neurogenic 
TOS in 3,000 patients a year. Most of these indi- 
viduals (approximately 90 %) were treated with- 
out surgery. Ours is a large urban medical center 
with three vascular surgery groups, three cardiac 
surgery groups, and several orthopedic surgery 
and neurosurgical groups, so there were a large 
number of surgeons who could operate on patients 
with TOS when necessary, in contrast to more 
remote, non-urban, medical centers or institutions 
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where there were few physicians with experience 
in treating neurogenic TOS. Indeed, a patient 
with neurogenic TOS seen in the past (e.g., dur- 
ing the late 1940s and 1950s) at centers such as 
the Massachusetts General Hospital (Boston) or 
the Queen’s Square Neurologic Hospital 
(London), would likely have been markedly 
“underdiagnosed,” because the diagnosis of neu- 
rogenic TOS was rarely considered and fre- 
quently the condition was thought “not to exist” 
by the neurological staff and trainees in both 
institutions (this subsequently changed with 
greater experience). 

One element of the growing understanding 
and acceptance of neurogenic TOS in many cen- 
ters is that if physicians recognized that there 
were arterial and venous components of TOS, 
they might also accept the possibility that there 
could be compression of neural structures, and 
might therefore be more inclined to look care- 
fully for that possibility during clinical examina- 
tion. Similarly, if physicians understood that a 
cervical rib can produce an aneurysm of the axil- 
lary-subclavian artery, they might be more likely 
to recognize and accept that the brachial plexus 
nerves could also be compressed, either in cases 
presenting with vascular compression or even in 
patients with similar symptoms but the absence 
of an axillary-subclavian artery aneurysm. 

The failure of many physicians in general 
practice and internal medicine to recognize the 
diagnosis of neurogenic TOS led to a large num- 
ber of such patients being referred to psychiatrists 
after “objective” studies failed to demonstrate 
any abnormality. One of the most difficult parts 
of recognizing neurogenic TOS is in taking a 
careful history, which is critical for the diagnosis. 
There are also situations where certain test results, 
such as the presence of obvious vascular 
insufficiency (either arterial or venous), serves to 
“tip-off” the physician that the patient might also 
have neurogenic TOS. The same is true of people 
that present with chest pain. If the patient initially 
had arm pain, hand pain, and numbness, they 
might be considered to have neurogenic TOS, 
whereas if all of the symptoms are referred to the 
chest, the evaluating physician might focus 
entirely on cardiac diagnoses and completely 
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Table 46.1 Nerve conduction Category Velocity measured (m/s) Treatment 
velocities across the thoracic 
outlet Normal >85 None 
Abnormal 60-85 Usually improved with PT 
Abnormal <60 Might require surgery 


neglect the possibility of neurogenic TOS (even 
when results of all cardiac testing are normal). 
In many situations, if the physician eliminates 
other diseases that might give rise to similar or 
overlapping symptoms, they can accurately make 
the diagnosis of neurogenic TOS by exclusion. In 
other words, rule-out other diagnoses (e.g., mul- 
tiple sclerosis, cervical spine pathology, etc.), 
leaving one with the possible diagnosis of neuro- 
genic TOS remaining in the differential. There 
have also been longstanding efforts to identify 
specific testing procedures that can be used to 
positively support the diagnosis of neurogenic 
TOS. This is important because if a person is 
dealing with a large number of patients with sus- 
pected neurogenic TOS, similar history and 
physical signs (such as a positive Adson’s test) 
may be present in normal patients and it would 
therefore be extremely helpful to be able to objec- 
tively determine whether a patient’s pain or 
symptoms are related to an objective test finding 
in making a diagnosis. Electrodiagnostic testing 
with somatosensory evoked potentials (SSEPs) 
was described by various physicians, including 
Dr. Machleder and colleagues at UCLA, who 
found that in a group of 80 patients with neuro- 
genic TOS, 74 % had abnormal SSEPs [1]. Use 
of objective electrophysiological tests was also 
initiated by Caldwell, Krusen and Crane, involv- 
ing nerve conduction velocity (NCV) studies 
across the thoracic outlet [2]. Although it is easy 
to measure NCVs across the carpal tunnel at the 
wrist or cubital tunnel at the elbow because there 
is plenty of space above the site to place the stim- 
ulator, Erb’s point (analogous to the apex of the 
brachial plexus) is just a few millimeters or no 
more than a centimeter, above the clavicle. This 
makes it very difficult to locate this point in order 
to initiate the electric signal that has to be slowed 
down across the thoracic outlet, which is between 
the clavicle and the shoulder. The specific tech- 
niques for reliably demonstrating altered NCVs 


(ulnar and median nerves) are therefore critical in 
substantiating the diagnosis of neurogenic TOS 
(Table 46.1). Moreover, this is even more impor- 
tant in patients with recurrent symptoms after 
previous treatment for neurogenic TOS, which 
might involve decisions whether or not to per- 
form a reoperation because of the recurrent scar- 
ring in the area of the previous thoracic outlet 
surgery [3]. 

Finally, the experience and expertise of those 
directing the conservative management of neuro- 
genic TOS may influence the degree to which 
this condition might be “overdiagnosed” or 
“underdiagnosed” in a particular practice setting. 
It is important that the appropriate physical ther- 
apy be performed in care of patients with neuro- 
genic TOS, involving improvements in posture, 
strengthening the shoulder girdle, and loosening 
and stretching the relevant muscles of the neck. 
In many situations, therapists with minimal expo- 
sure to TOS may perform “inadequate” or “inap- 
propriate” physical therapy, such as vigorous 
cervical stretching, muscle strengthening, or 
other techniques that might normally be used for 
cervical spine or shoulder disorders. It is recog- 
nized that such exercises will actually act to exac- 
erbate symptoms of neurogenic TOS, rather than 
relieve them, and this failure to improve with 
physical therapy may lead to a perception that the 
diagnosis of neurogenic TOS does not apply [4]. 

In conclusion, no general answer can be accu- 
rately given regarding whether neurogenic TOS 
is “overdiagnosed” or “underdiagnosed,” as this 
is highly dependent on the local environment and 
practice setting in which a given patient might be 
seen, the experience and expertise of the evaluat- 
ing physicians, and the availability of specific 
testing procedures. Indeed, there is no doubt that 
this question will continue to prompt vigorous 
debate and discussion, as knowledge regarding 
neurogenic TOS and its optimal treatment con- 
tinue to evolve over time. 
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Thoracic, or Neurosurgical 


Procedure? 


Dean M. Donahue 


Abstract 


Thoracic outlet decompression is performed by a variety of surgical spe- 
cialties including vascular, thoracic, neurologic, orthopedic, plastic, and 
general surgeons. A well-trained surgeon in any of these specialties should 
be able to properly care for patients with thoracic outlet syndrome, and 
each brings a unique perspective to this area. The specific technical skills 
required for thoracic outlet decompression should be mastered by anyone 
performing surgery for TOS, whatever their specialty is. 


Introduction 


The specialties represented by the contributing 
authors of this textbook reflect the broad range of 
practitioners involved in the diagnosis and man- 
agement of thoracic outlet syndrome (TOS). This 
creates both advantages and challenges of having 
multiple points of view directed at treatment of 
patients this condition, with each specialty bring- 
ing a somewhat unique perspective to the table. 
Thoracic outlet decompression is performed 
by physicians trained in a variety of surgical spe- 
cialties. A recent report by Lee, Illig and col- 
leagues reviewed a national inpatient database 
over a 10-year period between 1998 and 2007. Of 
25,642 operations performed for TOS, vascular 
surgeons were responsible for 52.8 %, thoracic 
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surgeons for 19.7 %, neurosurgeons for 7.2 %, 
and orthopedic surgeons for 6.1 % [1]. Plastic 
surgeons and general surgeons also perform tho- 
racic outlet decompression surgery and likely 
accounted for most of the remaining 14 % or so. 
The question of which specialty performs the 
most effective decompression procedure is rhe- 
torical, but there are technical skills that each 
specialty provides that should be mastered by 
each surgeon involved in TOS. Rather than 
reviewing which specialty is best suited to surgi- 
cally treat TOS, the question should be: what can 
we learn from each other? 


Specialty-Specific Surgical Principles 


Thoracic outlet decompression can be performed 
through a variety of approaches. Regardless of 
the exposure used to decompress the thoracic 
outlet, basic surgical principles common to all 
specialties must first be strictly adhered to. 
Successful surgery requires a detailed knowledge 
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of the anatomy of the thoracic outlet, including 
the numerous anatomic variations that may be 
present. During the dissection to delineate a 
patient’s anatomy, the tissues must be handled in 
an atraumatic manner to minimize local injury. 
This must be performed with minimal traction 
placed on the local nerves and blood vessels, yet 
still performing a full release of tissues causing 
impingement on these structures. 

While symptoms of vascular compression 
account for less than 5 % of thoracic outlet 
decompression operations performed nationally 
[1], vascular surgeons play a leading role in the 
surgical management of TOS. Vascular TOS has 
more objective clinical findings, and diagnosis is 
more straightforward. The ability to employ 
endovascular diagnostic and treatment techniques 
allows the vascular surgeon a primary role in 
these patients. Their experience with vascular 
TOS can transfer to the operative management of 
neurologic TOS (NTOS). Vascular surgeons rou- 
tinely perform technical skills such as vascular 
mobilization, exposure for proximal and distal 
vessel control and arterial and venous grafting. 
Other specialties involved in TOS surgery have 
training in the technical skills required in safely 
handling blood vessels, but these are routinely 
practiced by vascular surgeons and must be 
understood by all other TOS surgical specialties. 

Thoracic surgeons bring the unique perspec- 
tive of performing other, occasionally more radi- 
cal, surgical procedures in the thoracic outlet 
region. Thoracic surgeons routinely treat supe- 
rior sulcus (Pancoast) tumors which invade the 
lower trunk of the brachial plexus, and upper 
chest wall requiring radical resection including 
disarticulation of the first thoracic rib at the spine. 
They also treat a variety of sarcomas of the clav- 
icle, upper chest wall and manubrium requiring 
similar surgical exposure. Video thoracoscopy 
can be used at the apex of the chest for sympath- 
ectomy, or resection of nerve sheath tumors 
involving the sympathetic trunk. Surgically treat- 
ing these conditions provides the thoracic sur- 
geon with a unique anatomic perspective of the 
thoracic outlet region. 
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Neurosurgeons and orthopedic subspecialists 
are experienced in many conditions that can 
mimic TOS, including cervical spine disease 
and peripheral nerve entrapment conditions. 
Neurosurgeons are the most experienced TOS 
surgeons in handling nerve tissue during nerve 
mobilization or neurolysis. These skills are also 
practiced by upper extremity orthopedic and 
plastic surgeons. The experience that these spe- 
cialties have, particularly in deciding the correct 
plane for a thorough neurolysis, is critical for all 
TOS surgical practitioners to acquire. Successful 
release of adjacent scar tissue without devascu- 
larizing the spinal nerves and brachial plexus 
trunks is frequently required for a successful 
outcome. 

Perhaps more important than a surgeon’s par- 
ticular specialty is their experience with thoracic 
outlet decompression and, not trivially, their 
interest in TOS as a disease entity. Similar to 
what has been documented for many other major 
surgical procedures, complication rates for TOS 
surgery are directly related to surgical volume: 
hospitals that performed more than 15 TOS 
decompression procedures yearly had significantly 
lower complication rates than lower-volume cen- 
ters [1]. 





A “Hybrid” TOS Surgeon 


Surgeons involved in the care of TOS patients 
should become familiar with the technical skills 
that each specialty provides. This includes the 
proper handling of nerves and blood vessels, as 
well as techniques for disarticulating the first 
rib from the spine. Understanding the proper 
plane required to remove scar tissue from a 
nerve without concurrent devascularization is 
critical. In addition to surgical techniques, each 
specialty brings experience with a variety of 
conditions that can mimic TOS thus improving 
diagnostic accuracy. Thoracic outlet decom- 
pression should be analyzed and approached in 
a multidisciplinary fashion, with cooperation 
among the different specialties in developing 
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Part VI 


Venous TOS: General Principles 


Venous thoracic outlet syndrome (VTOS) describes a group of symptoms that 
occur when the subclavian vein becomes compressed during passage between 
the clavicle and first rib at the costoclavicular junction. VTOS is the second 
most common form of thoracic outlet syndrome, constituting 2-3 % of TOS 
cases in most series but occurring much more commonly in many TOS- 
focused practices. VWTOS most commonly presents with frank axillosubcla- 
vian vein thrombosis (“effort thrombosis” or Paget-Schroetter syndrome), but 
can also present as intermittent compression of the subclavian vein 
(McCleery’s syndrome). Patients with VTOS demonstrate a range of clinical 
sequelae, depending on the degree of intrinsic damage to the vein and dura- 
tion of insult. The classic patient with Paget-Schroetter syndrome describes 
the rapid onset of discoloration, swelling, congestion, and pain on the side of 
the dominant hand, accompanied by collateral development across the shoul- 
der and lateral pectoral areas; 60-80 % report prior engagement in vigorous 
or repetitive upper extremity activity. VTOS may also present more chroni- 
cally as residual obstruction from prior total or partial thrombus causes per- 
sistent symptoms. Finally, patients with intermittent non-thrombotic (almost 
always positional) venous compression describe symptoms only when posi- 
tion or activity leads to impaired venous flow; of all VTOS patients treated at 
Johns Hopkins Medical Institutions from 2003 to 2011, only 11 % have pre- 
sented with intermittent compression. 

No prospective randomized trial has been performed to define treatment of 
VTOS, and standard practice has largely been shaped by case reports, reviews, 
and opinion papers. Over the past few decades, VTOS treatment has evolved 
from anticoagulation alone, to thrombolytic therapy in the late 1970s, and 
finally decompression of the thoracic outlet by first rib resection and scalenec- 
tomy. Modifications to this paradigm include shortening the duration of anti- 
coagulation and employing alternative surgical approaches, such as supra-, 
para-, or infraclavicular rib resection. Standard treatment for chronic occlu- 
sion in VTOS relies less heavily on aggressive thrombolytic therapy, since 
chronic clots are resistant to thrombolysis, and involves surgical decompres- 
sion only if the patient is symptomatic. Treatment of VTOS patients present- 
ing with intermittent compression similarly involves surgical decompression 
to correct the structural abnormality. Finally, very reasonable (albeit minority) 
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voices point out that first rib resection itself might 
not even be needed in many patients. 

The following section will explore this subject 
in detail, and present conventional and alternative 
points of view for each step in the treatment of 
these patients. Particularly important are the 


VI Venous TOS: General Principles 


thoughts on where we should go next. Precisely 
because so little high level research has been 
done in this area it is critically important to under- 
stand what we do because it is right, and what we 
do because of habit — and how to differentiate 
between the two when it really matters. 





VTOS for the Primary Care Team: 
When to Consider the Diagnosis 


AG 


Adam J. Doyle and David L. Gillespie 


Abstract 

This chapter serves as an introduction and overview of axillo-subclavian 
vein thrombosis in general, an occurrence, when primary (actually caused 
by extrinsic bony compression of the vein at the junction of the clavicle 
and first rib) is called venous thoracic outlet syndrome (VTOS). Although 
the risk of pulmonary embolus is low, patients who are untreated or treated 
with anticoagulation alone have a significant chance of lifelong disability. 
Conversely, modern treatment algorithms (with the goal being to lyse the 
acute clot and then relieve the external bony compression on the vein and 
at times fix residual endovenous problems) are associated with lifetime 
patency and symptom-free status in 90 % or more of patients. For both of 
these reasons it is critical that any patient with a swollen arm and no obvi- 
ous cause for venous thrombosis be referred to a physician specializing in 
thoracic outlet syndrome, or the window of opportunity for successful 
treatment may be lost. 


Introduction 


The generic term “Thoracic Outlet Syndrome,” 
or TOS, is often used to describe patient with 
neurogenic (NTOS), venous (VTOS), and arterial 
(ATOS) symptomatology related to compression 
of nerves, vein, and/or arteries as they traverse 
the thoracic outlet. In the case of VTOS, pathology 
in and surrounding the axillo-subclavian vein is 
accountable for development of upper-extremity 
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symptoms. Upper extremity deep-vein thrombo- 
sis (DVT) is thought to account for approximately 
10 % of all DVTs, with an incidence estimated at 
0.4—-1 case per 10,000 people per year [1-3]. 
VTOS is composed, in turn, of two distinct prob- 
lems: intermittent positional obstruction (with an 
open vein), and primary axillo-subclavian vein 
occlusion, also called effort thrombosis or Paget- 
Schroetter syndrome. 

Axillo-subclavian vein thrombosis can be 
broken down into primary and secondary forms. 
The majority of cases are secondary to catheter 
injury, infection, or other causes, whereas pri- 
mary thrombosis, the most common form of 
VTOS, is a rare condition believed to occur at 
a rate of approximately 1/50,000-1/100,000 
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Table 48.1 Primary and secondary Axillo-subclavian vein thrombosis 


Onset and timing 
of symptoms 


Type 


Primary (venous TOS) 


Intermittent positional 
obstruction 


Chronic positional 
usually with exertion 
Partial obstruction Chronic waxing/ 
waning usually with 
exertion 


Acute thrombosis Acute constant, usually 


following exertion 


Chronic occlusion Chronic with exertion 


Secondary 

Medical implant 
associated (central venous 
catheter, pacemaker/ 


Acute following 
catheter insertion 


defibrillator leads) 

Cancer-associated Acute 

thrombosis 

Tatrogenic/traumatic Acute following event 


Hypercoagulable disorder Acute 


Dialysis related Progressive following 
placement of ipsilateral 


A-V access 


Based on data from Kucher [10] 


Severity 


Mild-moderate 


Mild-moderate 


Mild-severe 


None-moderate 


None-severe 


None-severe 


None-severe 


None-severe 


None-severe 


Pathologic mechanism 


Positional obstruction of axilosubclavian 
vein at the thoracic outlet, limited symptoms 
when not provoked 


Repetitive compression with partial to 
complete thrombosis and recanalization 
leading to a fixed intrinsic venous stenosis 


Following repetitive or strenuous activity 
that compresses the axilosubclavian vein 
inducing acute thrombosis 


End-stage sequelae the above pathologies 
with resultant complete obstruction and 
development of collateral circulation. 
Symptoms likely the result of collateral 
compression or venous insufficiency with 
increase arterial blood flow of activity 


Catheter induced venous injury with 
reduced/obstructed blood flow leading to 
stasis and thrombosis, usually in the setting 
of other risk factor for thrombosis* 


Cancer-related coagulation abnormalities, 
chemotherapy-induced coagulation 
abnormalities, indwelling catheter as above, 
vein compression or invasion from tumor 
mass, radiation injury 

Direct injury or compression of the 
axilosubclavian vein from improper 
positioning, or stasis related to prolonged 
immobilization 

Thrombosis related to acquired or congenital 
hypercoagulable disorder 

Venous insufficiency from stenosis (likely a 
result of prior central venous catheter which 
cause damage to the vein and subsequent 
stenosis) in the setting of increased venous 
return when A-V access is place 


“Patient related risk factors: Post-surgery, cancer, trauma, repetitive activity, vigorous exertion, pregnancy, congenital 
hypercoagulable state, acquire hypercoagulable state. Treatment related risk factors: Radiation therapy to the chest, 
bolus chemotherapy, TPN, oral contraceptives, ovarian hyper stimulation. Catheter related risk factors: catheter mal- 
position, left-sided placement, multiple placement attempts, larger size, prior central venous catheter, open-ended cath- 
eter, central line infection, polyvinylchloride or polyethylene material 10 


people per year [4—6]. Patients suffering primary 
VTOS are reported to be in the early 30’s, with 
males outnumbering females at a rate of 2-1. The 
right side is most commonly affected, and a his- 
tory of recent strenuous use of the upper extrem- 
ity is present in 60-80 % of patients [6-9]. 
Patients with secondary thrombosis tend to be 


older and have more co-morbid conditions. 
Primary thrombosis (VTOS) is thought to be due 
to anatomic compression of the axilosubclavian 
vein at the costoclavicular junction with subse- 
quent venous obstruction and eventual thrombo- 
sis, whereas secondary VTOS is felt to be the 
result of a distinct inciting factor (Table 48.1). 
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A closely related entity is that of venous outflow 
obstruction associated with dialysis, which can 
be secondary to catheter-induced venous injury 
or can arise from costoclavicular junction injury 
(See Chap. 51). 

The spectrum of presenting signs and symp- 
toms of axillo-subclavian vein thrombosis can 
range from none to limb-threatening venous gan- 
gene [11, 12]. Often there is little correlation 
between the severity of symptoms and the extent 
of the underlying obstruction. As a result the cli- 
nician must have a low index of suspicion to rule 
out this diagnosis as it is easily treated, treatment 
catries with it long-term success rates approach- 
ing 100 %, and axillo-subclavian vein thrombosis 
of any etiology can result in significant long-term 
morbidity if left untreated. 


Natural History of VTOS 


The literature surrounding VTOS (primary axillo- 
subclavian vein thrombosis) is difficult to inter- 
pret, as selection bias relating to physician and 
surgeon referral is unusually prevalent. Early 
reports of untreated VTOS suggest that significant 
long-term morbidity can occur in a significant 
number of patients, up to 75 % in some series [7, 
11, 13]. Even patients treated with anticoagula- 
tion alone develop persistent symptoms and dis- 
ability at rates ranging between 41-91 % and 
29-68 %, respectively [7, 9, 13-18]. Modern 
therapy has evolved to include preliminary anti- 
coagulation therapy, catheter-directed thrombol- 
ysis, and decompressive surgery for most patients, 
and such multimodal algorithms produce long- 
term symptomatic relief in 84-95 % of patients 
[19-21]. 


History, Physical Exam Findings, 
and Presenting Symptoms 


In patients with acute severe symptomotology, 
VTOS should be very high on the differential 
diagnosis if an obvious secondary cause (such as 
a catheter) is not present. Patients will generally 
report a purple-red discolored swollen extremity 
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Fig. 48.1 Physical exam findings of VTOS, which 
includes red/purplish discoloration of the right hand with 
concomitant non-pitting edema (Courtesy Drs. James T. 
Adams and James A. DeWeese) 


with concurrent non-pitting edema (Fig. 48.1). 
Many will complain of dull aching pain and the 
sensation of arm heaviness of the affected 
extremity. Occasionally patients will have con- 
current paresthesias and/or weakness. Patients 
with partial, positional, or chronic occlusions 
will often present with the same symptoms, but 
with report relapsing symptoms with exertion, 
and remission with rest [22]. The vast majority 
of patients with primary axillo-subclavian vein 
thrombosis will report a history of recent upper 
extremity use with the development of symp- 
toms within the following day; this symptom 
pattern is common enough to have led to the 
alternative term “effort thrombosis” for this 
diagnosis. 

On physical exam these patients will almost 
uniformly have a pattern of visible dilated 
superficial collateral veins across their shoulder, 
back, chest, and neck within the first several 
days of symptom onset [7, 19, 23-25]. 
Figure 48.2a demonstrates the radiographic 
findings of VTOS with distended collateral 
veins, and Fig. 48.2b is an example of chest wall 
collateral veins in a patient with VTOS. 
Discoloration of the skin with concomitant non- 
pitting edema may also be present. Table 48.2 
lists the physical exam findings, symptoms, and 
risk factors for VTOS. 

A recent study examined and validated the 
pretest prediction score of certain factors 
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Fig. 48.2 (a) Venogram demonstrating VTOS and dis- 
tended collateral veins which are usually evident on phys- 
ical exam (Courtesy Drs. James T. Adams and James A. 
DeWeese). (b) Photograph demonstrating distended col- 
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lateral veins on the chest wall which are usually evident 
on physical exam. These collateral pathways usually exist 
on either the anterior or posterior chest wall, in addition to 
being found at the base of the neck 


Table 48.2 Physical exam findings, symptoms, and risk factors for Axillo-subclavian venous occlusion 10 


Physical exam findings 


Common: Distended superficial veins on neck/chest/back, skin discoloration, 


non-pitting edema, pain with palpation above or below the clavicle, pallor 


Occasional: Ecchymosis, paresthesias, weakness, poikilothermia 


Rare: Decreased or absent arterial pulse, and facial swelling 


Symptoms 


Common: Ach or pain of arm/neck/chest/back, heaviness of arm 


Occasional: Numbness of arm, weakness of arm, cool extremity 


Rare: shortness of breath, headache 


Patient related risk factors 


Post-surgery, cancer, trauma, repetitive activity, vigorous exertion, pregnancy, 


congenital hypercoagulable state, acquire hypercoagulable state 


Treatment related risk factors 


Catheter related risk factors 


Radiation therapy to the chest, bolus chemotherapy, TPN, oral contraceptives, 
ovarian hyper stimulation 


Catheter mal-position, left-sided placement, multiple placement attempts, larger 


size, prior central venous catheter, open-ended catheter, central line infection, 
polyvinylchloride or polyethylene material 


Based on data from Kucher [10] 


associated with axillo-subclavian vein occlusion 
[26]. Patients were assigned one point for a cen- 
tral venous catheter or pacemaker, pain, and/or 
edema, and one point was subtracted if there was 
a likelihood of an alternative diagnosis. Upper 
extremity DVT was found in the validation cohort 
at rates of 13, 38, and 69 % for patients with 
scores of 0 or less, 1, and 2 or more, respectively. 
Other tests such as D-dimer have shown little 
utility in aiding the diagnosis of VTOS [27]. 
Generally speaking one should have a low thresh- 
old to pursue additional diagnostic imaging in the 
setting of an acutely swollen arm. 


Initial Evaluation, Diagnostic 
Testing, and Referral 


When patients present with a history, signs or 
symptoms suggestive of axillo-subclavian vein 
thrombosis, further diagnostic testing is war- 
ranted regardless of potential etiology. In the set- 
ting of a catheter-related thrombosis, the catheter 
should be removed if feasible, although removal 
is not always needed [28]. If clinical suspicion is 
high enough, one could consider starting empiric 
anticoagulation with low molecular weight hepa- 
rin injections (LMWH), in appropriately selected 
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patients, prior to pursuing further imaging. The 
risk of pulmonary embolism is low so the value 
of diagnosis is to allow proper and expeditious 
treatment. 

If a patient has a swollen arm, urgent duplex 
ultrasound (DUS) of the axillo-subclavian venous 
complex should be obtained. Overall, this test is 
highly sensitive and specific in the diagnosis of 
VTOS, with numbers approaching 97 % (95 % 
confidence interval (CI), 90-100 %), and 96 % 
(95 % CI, 87-100 %), respectively [29]. This 
yields positive predictive values of 96 % and neg- 
ative predictive values of 97 %. All patients with 
a positive DUS result should be started on antico- 
agulation and referred to a vascular surgeon for 
evaluation. Almost all practitioners who treat 
patients with VTOS feel that the sooner these 
patients undergo treatment the higher the likeli- 
hood of success. Based on some data in VTOS 
patients [19] and extrapolated from the arterial 
literature, a goal of 14 days from the onset of 
symptoms is used by many. Some reports extend 
this, however, to as long as 6 weeks [30], and 
good results have been obtained by some using 
alternative algorithms with time to evaluation and 
treatment averaging as long as 8 months [31]. 
Despite the conflicting data, most agree that in 
the setting of acute onset of symptoms, urgent 
referral (hours to a day or so) to a surgeon who 
treats patients with VTOS should follow. If the 
DUS is negative or non-diagnostic for DVT, if 
suspicion is high the patient should still be 
referred to a TOS surgeon as specialized imaging 
may be needed to diagnose positional or partial 
obstruction. For patients with a negative DUS 
and minimal symptoms no further axial imaging 
such as CT and MRI is necessary. 





Conclusion 

Axillo-subclavian vein occlusion, whether sec- 
ondary to a definable cause or due to costo- 
clavicular junction compression (VTOS) 
presents by causing arm swelling. Although 
the risk of pulmonary embolus is low, patients 
who are untreated or treated with anticoagula- 
tion alone have a significant chance of lifelong 
disability. Conversely, modern treatment algo- 
rithms (with the goal being to lyse the acute 


clot and then relieve the external bony com- 
pression on the vein and at times fix residual 
endovenous problems) are associated with life- 
time patency and symptom-free status in 90 % 
or more of patients. For both of these reasons it 
is critical that any patient with a swollen arm 
and no obvious cause for venous thrombosis 
be referred to a physician specializing in tho- 
racic outlet syndrome, or the window of oppor- 
tunity for successful treatment may be lost. 
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Abstract 


Acute axillosubclavian vein thrombosis is a disorder of the anterior tho- 
racic outlet, and is always associated with an abnormally lateral insertion 
of the costoclavicular ligament. This is a low pressure system associated 
with extrinsic compressive forces, and conventional intraluminal therapy 
designed to treat atherosclerotic arterial lesions is not appropriate in this 
situation. In our experience of over 600 extremities with this condition, 
prompt thrombolysis followed by thoracic outlet decompression leads to 
excellent results in over 95 % of patients, especially if treatment is insti- 
tuted soon after thrombosis occurs. 


Introduction 


Venous thoracic outlet syndrome (VTOS) refers 
to the spectrum of problems caused by compres- 
sion of the subclavian vein at the costoclavicular 
junction in the thoracic outlet. Rarely, patients can 
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present with intermittent obstruction (worse with 
raising the arms overhead), but most commonly 
with frank thrombotic occlusion of the vein. 
Paget-Schroetter syndrome, also called “effort 
thrombosis” of the axillosubclavian vein, is, by 
definition, secondary to a costoclavicular junc- 
tion problem. It occurs in patients with excessive 
arm activity combined with the presence of one or 
more compressive elements in the thoracic outlet. 
The syndrome was described independently by 
Von-Schroetter [1] in 1884 in Vienna and by Paget 
[2] in 1875 in London. For many years, therapy 
included elevation of the arm with anticoagulants 
and subsequent return to work [3]. If symptoms 
recurred, the patient was considered for first rib 
resection with or without thrombectomy. 

When the congenital lateral insertion of the 
costoclavicular ligament was recognized as 


the underlying pathological cause, prompt 
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transaxillary rib resection was employed imme- 
diately following thrombolysis [4]. Availability 
of thrombolytic agents [5-7], combined with 
prompt surgical neurovascular decompression of 
the thoracic outlet [4], have reduced morbidity 
and substantially improved clinical results, 
including the return to work. 


Anatomy 


The axillosubclavian vein traverses the tunnel 
formed by the clavicle anteriorly, the scalenus 
anticus muscle laterally, the first rib inferiorly, 
and the costoclavicular ligament medially 


Middle 
scalene 


Fig. 49.1 Normal anatomy of 
muscle 


the thoracic outlet with conven- 
tional insertion of the costo- 
clavicular ligament on the first 
rib Brachia 
plexus 


Subclavian 
artery 


Brachial 
plexus 
Subclavian 
artery 


Fig. 49.2 Congenital 
abnormal lateral insertion of 
the costoclavicular ligament on 
the first rib with: (a) hypertro- 
phy of the scalenus anticus 


muscle lateral to the vein; (b) Subclavian 

thrombosis of axillary-subcla- Vein (cut) 

vian vein (Paget-Schroetter with blood clot 
inside vein 


Syndrome) 
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(Fig. 49.1). In patients with the Paget-Schroetter 
Syndrome, the costoclavicular ligament is thought 
to insert further laterally than normal (Fig. 49.2). 
When the scalenus anticus muscle, lateral to the 
vein, becomes hypertrophied through recurrent 
activity and exercise, the vein is significantly nar- 
rowed [8]. This is not the case when the costo- 
clavicular ligament inserts in a normal place 
much more medially on the first rib, even when 
significant scalenus anticus muscle hypertrophy 
occurs. It should be noted that many “normal” 
people have significant compression seen on 
stress venography (arms elevated) but never 
develop VTOS [9], supporting the idea that there 
is an anatomic abnormality in the patients who 
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do. This costoclavicular ligament abnormality 
was recognized in 1986 and published initially in 
1991 [4], and in our experience every patient 
(over 500) with Paget-Schroetter Syndrome has 
demonstrated this anomaly [10]. It should be 
stressed that this is a disorder of the anterior tho- 
racic outlet, and the structures at the sternum, pri- 
marily the hypertrophied and abnormally inserted 
costoclavicular ligament are well underneath the 
clavicle and must be treated [11, 12]. 


Pathophysiology 


When the axillosubclavian vein clots secondary 
to thoracic outlet syndrome, Paget-Schroetter 
Syndrome is present. It is usually associated with 
a severe inflammatory reaction in the area of the 
thoracic outlet [13]. This markedly handicaps the 
surgical dissection and often obscures the loca- 
tion of the first rib, as well as the anatomy of the 
thoracic outlet. In addition to the inflammation, 
there is a loss of the usual blue color of the vein 
because of the lack of blood flowing through it. 
This removes one of the best anatomical land- 
marks, further increasing the difficultly for the 
surgeon in the acute and subacute phase of the 
syndrome [14, 15]. 

The finding of increased venous collateral 
around the shoulder (Urschel’s sign) usually sug- 
gests total obstruction of the axillary subclavian 
vein [16, 17]. Other significant pathophysiologi- 
cal observations result in the PSS because the 
axillosubclavian vein is a “low pressure” system. 
Therapeutic techniques which are usually suc- 
cessful in the “high pressure” arterial system 
almost uniformly fail in this “low pressure” 
venous system, particularly when the abnormal 
insertion of the costoclavicluar ligament is not 
recognized and not removed [18, 19]. 

When the vein initially occludes, thromboly- 
sis is usually successful if the clot is treated soon 
after it forms. If successful, a “tight constric- 
tion” of the vein is often present. This is quite 
often secondary to the abnormal external costo- 
clavicular ligament, but may be misread as an 
intravenous stenosis and dilated as a “balloon 
angioplasty” through a catheter. Failing to recog- 
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nize the low venous pressure and managing it as 
a “high pressure arterial lesson”, the “stenosis” 
is dilated multiple times. Its failure to remain 
dilated (because of the unrecognized external 
compression from the abnormal costoclavicluar 
ligament) may prompt the insertion of an inter- 
nal venous stent. Because this is a “low pressure” 
system, the stents uniformly clot [20]. 

Following thrombosis of the stent or in patients 
who had failure of thrombolysis, saphenous vein 
bypass grafts have been placed in 18 patients 
referred to our hospital, all of who have subse- 
quently occluded (again, because it is a “low 
pressure” system) [12]. Finally, thrombectomy, if 
performed, also uniformly fails in this “low-pressure” 
system [10]. 

Another complication of the pathological 
inflammation in PSS is the failure to recognize 
the first rib because of obliteration of the many 
anatomical landmarks, which serve as guides 
to the correct recognition of this structure [19]. 
To date, 232 patients have been referred to our 
hospital who have had the second rib mistak- 
enly removed. Malpractice lawsuits frequently 
ensue. 














Results 


We recently reviewed our experience over the 
past four decades in patients with effort thrombo- 
sis [10, 12, 15], which includes treatment of 626 
extremities in 608 patients. The series includes 
307 females and 301 males with a mean age of 32 
(ranging from 16 to 51). 432 patients had unusual 
occupations that involved excessive, repetitive 
muscular activity of the shoulder, arm, and hand. 
Potentially aggravating occupations included 
such sports as golf, tennis, baseball, football, 
weight lifting, cheerleading, and drill team 
members, or vocations such as painters, beauti- 
cians, and linotype operators. The symptoms 
were usually exacerbated by working overhead, 
cold temperatures, or having the arm hang down 
for long periods of time. 

In all 626 extremities, swelling or venous dis- 
tention over the chest, arm, or hand was present, 
initially suggesting the clinical diagnosis of 
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venous obstruction. Elevation of the arm or hand 
did not seem to change the configuration of the 
veins or swelling acutely. Bluish discoloration 
was observed in 544 arms, and aching pain, which 
was increased by exercise, occurred in 520. 
Cervical ribs were noted in 62 instances. Bilateral 
thrombosis occurred in 18 patients (12 females 
and 6 males), simultaneously in 2 (one with pre- 
vious bilateral clavicular fractures) and sequen- 
tially in 16. In 24 patients, only minimal symptoms 
were present. 

One hundred percent of the extremities dem- 
onstrated a positive Adson’s sign, hyperabduc- 
tion sign, or some other compressive sign related 
to thoracic outlet compression in general. 
Diagnostic tests performed included venous 
ultrasound studies, venous scintillation scans, 
venography, plethysmography, temperature stud- 
ies of the extremity, and bilateral upper extremi- 
ties nerve conduction velocities including both 
the median and ulnar nerves. 

The diagnosis was established by clinical his- 
tory, physical examination, ultrasound studies, 
and venography performed through a medial 
antecubital vein. Substantial narrowing or occlu- 
sion of the axillosubclavian vein in the area of 
the first rib and clavicle was observed in all 
patients. Some collateral circulation was evident 
in 621 extremities, although it was obviously not 
adequate if swelling were present. The pathways 
for the most efficient collateral communication 
were between the cephalic, transverse cervical, 
transverse scapular, and tributaries of the inter- 
nal jugular veins producing an increased subcu- 
taneous venous plexus around the shoulder 
(Urschel’s sign). 

Prompt transaxillary first rib resection, neuro- 
vascular decompression, and resection of the 
“abnormal” costclavicular was the therapy of 
choice [21]. In a few cases with fracture of the 
clavicle and large callous formation, total clavi- 
calectomy was performed [22]. 

Results were evaluated as good, fair, or poor 
according to the criteria in Table 49.1 and the 
results are summarized in Table 49.2. Of patients 
seen less than 6 weeks after thrombosis and 
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Table 49.1 Evaluation of results 
Pain relief Employment Limited recreation 
Good Complete Full None 
Fair Partial Limitation Moderate 
Poor None No return Severe 


Table 49.2 Results 


No. of patients Good Fair Poor 
502 493 9 0 
626 599 25 2 


Optimal Rx <6 weeks 
Optimal Rx (total) 


Table 49.3 Results of PTVA + Stent 


No. of patients 
PTVA + Stent 47 


Occlusion 47 (100 %) 


treated, 486 of 506 extremities had good results. 
Those seen after 6 weeks from thrombosis did 
not fare as well. Coumadin did not seem to 
improve results. Of the 47 patients evaluated 
from other centers who had received intravenous 
stents, all 47 were occluded (Table 49.3) [20]. 
There was no mortality in any group and no 
observed evidence of pulmonary embolism. 











Summary 


Acute axillosubclavian vein thrombosis is a dis- 
order of the anterior thoracic outlet, and is always 
associated with an abnormally lateral insertion of 
the costoclavicular ligament. This is a low pres- 
sure system associated with extrinsic compres- 
sive forces, and conventional intraluminal therapy 
designed to treat atherosclerotic arterial lesions is 
not appropriate in this situation. In our experi- 
ence of over 600 extremities with this condition, 
prompt thrombolysis followed by thoracic outlet 
decompression leads to excellent results in over 
95 % of patients, especially if treatment is insti- 
tuted soon after thrombosis occurs. 
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Abstract 


50 


This chapter traces the historical development of our current understand- 
ing of the pathophysiology of TOS and discusses the specific anatomic 
relationships at the thoracic outlet pertinent to venous TOS (VTOS). The 
clinical presentation of patients with VTOS is described, and the diagnos- 
tic evaluation is outlined. A unified, multi-modal approach to Paget-von 
Schroetter syndrome is discussed, which includes catheter-directed lytic 
therapy, surgical thoracic outlet decompression, endovenous intervention 
for intrinsic venous disease, and systemic anticoagulation. Several possi- 
ble clinical scenarios are discussed and treatment algorithms presented. 


In virtually all series describing the subject, the 
venous form of thoracic outlet syndrome (VTOS) 
constitutes just 2-3 % of all cases of TOS which 
come to medical attention [1]. Despite its rela- 
tively low incidence, however, VTOS remains 
an important clinical entity because of the 
unusual degree of health and vigor of the patient 
population affected, the often dramatic and 
unmistakable clinical presentation, the consider- 
able morbidity which results when the condition 
is neither promptly diagnosed nor properly 
treated, and the excellent long-term outlook 
when a proper treatment algorithm is applied. 
These factors make VTOS an _ extremely 
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successful and rewarding category of TOS for 
the surgeon to manage. 


Background 


Our current understanding of the anatomy and 
pathophysiology at work in the various forms of 
thoracic outlet syndrome has evolved over time: 
from an early emphasis on the importance of a 
cervical rib, later shifting to the primacy of the 
scalenus anticus muscle, and finally to a more 
multi-faceted understanding of the interplay 
among the many structures which comprise the 
small space that is the thoracic outlet. 

Galen, inthe second century A.D., first identified 
the presence of a cervical rib, later confirmed by 
the anatomic studies of Vesalius in the 1700s. Sir 
Astley Cooper correlated the occurrence of arm 
symptoms with the presence of a cervical rib in 
1818 [2], and for nearly the next 100 years cervical 
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ribs were thought to be the primary cause of TOS 
(which was considered one entity and throughout 
that time referred to as the “cervical rib syn- 
drome”). In 1861, Coote performed the first cervi- 
cal rib resection for relief of upper extremity 
symptoms of neurovascular compression [3]. In a 
shift of emphasis, Bramwell, in 1903, incriminated 
the first rib as a cause of symptomatic neurovascu- 
lar compression [4], and 7 years later Murphy 
reported the first instance of first rib resection for 
the management of neurogenic TOS [5]. Two 
decades later, Naffziger and Grant [6], and Ochsner 
et al. [7], in separate reports, posited the impor- 
tance of the scalene muscles in producing symp- 
toms of neurovascular compression, and after 
reporting successful relief of symptoms with sca- 
lene muscle division coined the term, “‘scalenus 
syndrome”. Falconer, in 1943, added further to the 
understanding of this entity by highlighting the 
role of compression by the costoclavicular liga- 
ment as a component of the scalenus syndrome [8], 
and in 1956 Peet consolidated much of this 
acquired understanding by suggesting the adoption 
of the more inclusive term “thoracic outlet syn- 
drome” to encompass the roles played by the 
numerous structures in and around the thoracic 
outlet in producing symptomatic neurovascular 
compression [9]. The modern era in the treatment 
of thoracic outlet compression can be traced to the 
seminal report by Roos in 1966 describing transax- 
illary first rib resection for the relief of neurovascu- 
lar compromise [10]. 


Anatomy 


A clear understanding of the anatomic relation- 
ships within the thoracic outlet is important to 
understand the pathophysiology of VTOS and 
appreciate the differences between the manifesta- 
tions of the various forms of compression at this 
location (see Chap. 3). Venous thoracic outlet 
syndrome is distinct from both the arterial and 
neurogenic forms of TOS by virtue of the fact 
that the axillo-subclavian vein runs anterior to the 
anterior scalene muscle, and is adjacent to and 
intimately involved with the junction of the first 
rib and clavicle and associated structures (see 
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Chap. 6). Thus comprised, this antero-medial 
sub-compartment of the costoclavicular space 
through which the subclavian vein passes is, 
under the best of circumstances, a very tight 
space with little room to spare. Any combination 
of predisposing anatomic factors creating an 
abnormally small space, or aggravating acquired 
factors (e.g., muscular hypertrophy within this 
space or scarring as a result of repetitive motion 
trauma) serve to encroach on the vulnerable sub- 
clavian vein and can initiate a cycle of irritation, 
inflammation and fibrosis which, in turn, can lead 
to venous stenosis and thrombosis (“effort throm- 
bosis” or Paget-von Schroetter syndrome). 





Clinical Presentation 


The clinical presentation of patients with VTOS 
is, in the majority of cases, straightforward and 
unmistakable. The vast majority of patients are 
young, healthy, well-developed and usually 
engaged in the pursuit of vigorous upper extrem- 
ity physical activities. The classic example is that 
of a weightlifter, but any young or middle-aged 
person with well-developed upper body muscula- 
ture who frequently performs repetitive overhead 
arm exertion sufficient to result in hypertrophy of 
the subclavius and scalene muscles (e.g., swim- 
ming, pitching, arduous mechanical labor, etc.) 
can develop symptomatic VTOS. Both radiologic 
and anatomic studies have demonstrated that arm 
abduction (such as an auto mechanic might 
employ while working on a vehicle on an over- 
head lift) results in compression of the neurovas- 
cular structures within the thoracic outlet and a 
closing off of the already narrow costoclavicular 
space in many people without symptoms [11, 12]. 
The repetitive nature of many of the aforemen- 
tioned precipitating activities promotes a recur- 
ring cycle of stretching and the application of 
frictional forces to the subclavian vein, initiating 
the cycle of inflammation and fibrosis. 
Symptomatic VTOS disproportionately affects 
males — most likely as a result of gender-based 
differences in the architecture of the normal tho- 
racic outlet, combined with the more frequent 
overdevelopment of upper extremity musculature 
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in men [13]. The dominant arm is most often 
affected. The symptoms of VTOS are those of 
venous hypertension in the affected extremity. 
Patients may present with symptoms of intermit- 
tent, exercise-induced, non-thrombotic venous 
obstruction, or they may manifest the sudden 
onset of severe and sustained arm swelling due to 
occlusive subclavian vein thrombosis. It is impor- 
tant to note that, even in cases presenting as sud- 
den “unheralded” subclavian vein thrombosis, 
detailed questioning frequently reveals an ante- 
cedent history of more subtle episodic symptoms 
of intermittent venous obstruction related to arm 
exercise. Less obvious symptoms can include a 
sensation of fullness, pressure, heaviness, fatigue 
and engorgement of the affected arm following 
exercise, while some patients may report a vari- 
ety of paraesthesiae in the fingers, hand and fore- 
arm. Arm pain is usually quite minimal and, if 
present, reflects the increased pressure due to 
passive venous congestion. More intense pain, if 
present, is usually localized to the axilla and is 
a direct consequence of the pain of the local 
phlebitic process at the site of the venous 
thrombosis. 

In patients with effort thrombosis, the physi- 
cal findings include pronounced unilateral arm 
swelling, plethora, and engorgement of the 
superficial veins of the arm. A prominent network 
of collateral draining veins rapidly appears about 
the shoulder and chest, and the development of 
these collateral drainage pathways is often fol- 
lowed by marked improvement (and sometimes 
complete resolution) of the initial arm swelling. 
Despite this apparent “resolution” most patients 
will report some degree of venous claudication — 
a sensation of fullness, heaviness or discomfort 
— with any degree of sustained arm activity, espe- 
cially if in a position of “stress” (either overhead 
or in abduction). In patients with non-thrombotic 
VTOS (intermittent positional obstruction), the 
physical findings at the time of examination may 
be minimal. Subtle findings may include an 
unusual prominence of superficial veins of the 
arm, or the reproduction of subjective symptoms 
of fullness, pressure or paraesthesiae with pro- 
vocative maneuvers such as simple arm abduction 
or the performance of the elevated arm stress test 
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(EAST). Initially described by Roos [14], the 
EAST consists of having the patient place the 
arms in the “stick*em up” position for 3 min 
while clenching and unclenching the fists. While 
this is not an “objective” test and is somewhat 
controversial in that a lack of specificity has been 
reported, we have found that a reproduction of 
the patient’s subjective symptoms with this test 
helps to raise the index of suspicion for VTOS in 
the appropriate clinical setting. Other physical 
maneuvers originally posited to be pathogno- 
monic for TOS (e.g., the Adson maneuver) are 
notoriously inaccurate and have generally fallen 
into disuse [15]. 





Diagnostic Testing 


The diagnosis of VTOS is largely made on clini- 
cal grounds at the time of initial presentation. In 
the typical instance of sudden painful arm swell- 
ing and engorgement in an otherwise healthy, 
muscular young male engaged in overhead arm 
activity who has a prominent network of collat- 
eral veins about the shoulder, the diagnosis of 
effort thrombosis is quite straightforward and can 
be made simply on the basis of the history and 
physical findings. Nevertheless, diagnostic test- 
ing plays a supporting role in a number of cases 
and may be especially useful in the setting of 
non-thrombotic venous thoracic outlet obstruc- 
tion, in which the physical findings at the time of 
examination may be minimal. As already men- 
tioned, provocative maneuvers designed to elicit 
signs of neurovascular impingement during phys- 
ical examination are notoriously inaccurate, with 
both a lack of specificity and sensitivity amply 
documented. Such tests have little role in the 
modern evaluation and management of TOS and 
are mentioned more for their historical interest 
than for their utility. Adson’s test, first described 
in 1927, consists of chin elevation, neck exten- 
sion, and rotation of the head toward the affected 
side. With deep inspiration, the loss of a palpable 
radial artery pulse indicates a “positive” result 
[16]. The historical importance of this test con- 
sists primarily in its implicit acknowledgement 
of the importance of the scalenus anticus muscle 
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Fig. 50.1 Duplex scan, 
longitudinal view, 
demonstrating absence 

of flow within the subclavian 
vein in a 40 year old male 
patient with effort 
thrombosis. Note patency 
of external jugular vein 
(EJV) providing collateral 
pathway to the innominate 
vein. SUBCL subclavian; 

V vein; INNOM innominate 


FR 14Hz 
R1 


in thoracic outlet pathology, as the Adson posi- 
tion accentuates tension within the anterior sca- 
lene muscle. Unfortunately, this testis non-specific 
in that a “positive” result is found in a large num- 
ber of “normal” individuals, and points more to 
pathology (if present) in the arterial/neurogenic 
triangle. Similarly, the costo-clavicular maneu- 
ver, described by Falconer in 1943, consisting of 
the backward and downward bracing of the shoul- 
ders, lacks both specificity and sensitivity. As 
already mentioned earlier in this chapter, the ele- 
vated arm stress test also lacks objective repro- 
ducibility, although we find this can be mildly 
useful in reproducing subjective symptoms in 
some patients with non-thrombotic VTOS. Most 
of these tests, finally, are “positive” in the setting 
of neurogenic TOS. 

Venous plethysmography — either impedance 
or air — can be performed both before and after 
stress positioning as a non-invasive means of 
obtaining objective confirmation of 
increased venous obstruction at the thoracic out- 
let. These tests are cumbersome, however, and 
are no longer commonly utilized. 

The dominant non-invasive test currently 
employed in the diagnostic evaluation of vascular 
TOS is duplex ultrasonography [17-19]. It is 
important to emphasize that the particular 
examination should focus specifically on the 
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structures (arterial or venous) pertinent to the 
specific variety of TOS in consideration. Thus, 
when evaluating a potential case of VTOS, com- 
plete duplex evaluation of the axillary and sub- 
clavian veins is essential. This includes full 
grey-scale imaging of the subclavian vein in both 
transverse and longitudinal section, as well as 
Doppler spectral waveform analysis — both at rest 
(arm in full adduction, at the patient’s side) and 
during stress positioning (arm abduction at 90 
and 180°) . In cases of Paget-Schroetter syn- 
drome, the duplex findings are unequivocal: com- 
plete thrombotic occlusion of the axillo-subclavian 
venous segment is readily identified (See Figs. 50.1 
and 50.2). In contrast, in cases of non-thrombotic 
venous thoracic outlet obstruction, positive 
findings can include the presence of a fixed, vis- 
ible stenosis of the subclavian vein seen on high- 
resolution B-mode imaging, normal venous 
anatomy at rest but narrowing of the vein evident 
during stress positioning, and marked dampening 
or complete cessation of Doppler flow within the 
axillary and subclavian veins — or increased- 
velocity flow within the subclavian vein at a locus 
of visible constriction — while in the stress posi- 
tion (see Figs. 50.3 and 50.4). 

Despite the widespread availability of duplex 
ultrasonography andits nearly universal acceptance 
as the pivotal initial imaging study for assessing 


50 Clinical Presentation and Patient Evaluation in VTOS 





Fig.50.2 Transverse view 
in the same patient, showing 
non-compressibility and the 
presence of echogenic 
thrombus within the 
subclavian vein. 

A artery; V vein 


patients with possible VTOS, contrast venography 
continues to occupy a critical position in the eval- 
uation and treatment of these patients. In the mod- 
ern era, most patients come to venography with a 
diagnosis of VTOS having already been estab- 
lished by prior ultrasonography. The utility of 
venography resides primarily in its use as a portal 
for venous intervention — either for the initiation 
of lytic therapy in patients with acute effort throm- 
bosis or for the performance of subsequent venous 
intervention (i.e., venous angioplasty). Initial 
access is typically obtained via either the basilic 
or the brachial vein in the mid-to-distal upper arm 
using a 4 or 5 Fr micropuncture kit and ultrasound 
guidance (the cephalic vein enters the deep system 
too centrally for full intervention in many cases 
and is a poor choice for access for this reason). In 
cases of non-thrombotic VTOS, contrast injection 
and visualization of the axillo-subclavian venous 
segment is performed first with the arm adducted 
and subsequently with the arm in abduction. In 
the setting of thrombotic occlusion of the subcla- 
vian vein (i.e., Paget-von Schroetter Syndrome), 
definitive visualization of the venous anatomy in 
the region of the thoracic outlet is not possible as 
a result of non-opacification of the thrombosed 
venous structures. In such cases, a hydrophilic 
guidewire is used to probe the thrombus, and a 
multi-sidehole infusion catheter (e.g., UniFuse ®, 
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AngioDynamics) is embedded within the throm- 
bus to enable initiation of intra-clot thrombolytic 
therapy with t-PA (Alteplase ®, Genentech) (see 
Chap. 84). If thrombolysis is successful, follow- 
up venography allows full characterization of any 
residual intrinsic venous stricture as well as any 
foci of extrinsic compression of the subclavian 
vein within the costoclavicular space. When 
venous intervention is to be performed (usually 
after the thoracic outlet has been decompressed), 
a larger access sheath may be required. 





Treatment 


Once diagnosed, the definitive treatment of VTOS 
requires mechanical decompression of the tho- 
racic outlet. In cases of effort thrombosis, the use 
of lytic therapy followed by anticoagulation alone, 
without the performance of definitive mechanical 
decompression, has been shown to yield unac- 
ceptably high rates of recurrent thrombosis and 
long-term morbidity [20]. As our understanding 
of the anatomic and pathophysiologic consider- 
ations at the root of TOS have evolved over the 
decades, a consensus has taken shape regarding 
the essential elements for proper mechanical 
decompression. It is fairly uniformly accepted 
that full decompression of the costoclavicular 
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Fig. 50.3 (a and b) Duplex 
images of the left axillary 
and subclavian veins 
(longitudinal view) in a 

32 year old male patient with 
episodic symptoms of 
non-thrombotic VTOS. 
These images, taken in the 
neutral position, demonstrate 
wide patency of both veins 
and normal phasic venous 
flow patterns 


space requires: (1) resection of the first rib, as far 
anteriorly as its confluence with the sternum medi- 
ally; (2) resection of the anterior scalene muscle; 
and (3) venolysis: division of all fibrous bands and 
associated scar tissue surrounding the subclavian 
vein. This can be accomplished by either a trans- 
axillary, a supra-clavicular or an infra-clavicular 
approach. The advantages of trans-axillary first 
rib resection include excellent exposure of the 
anterior extent of the first rib (facilitating wide 
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decompression) and excellent cosmetics, as the 
scar is hidden in the axillary skin creases (no small 
consideration in this young and otherwise healthy 
patient population). Alternatively, supra- or infra- 
clavicular first rib resection or even claviculec- 
tomy affords better visualization of the subclavian 
vein in the event that surgical repair or replace- 
ment is felt to be necessary. It is important to note, 
however, that endovascular intervention has 
reduced the need for open venoplasty or bypass, 
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Fig. 50.4 (a and b) Duplex 
images of the same patient 
with the arm abducted 180°. 
Note the complete absence of 
venous Doppler flow signals 
in both the axillary and 
subclavian veins during 
stress positioning 





thus negating this theoretical advantage of the 
supra-clavicular approach. 


Clinical Scenarios 


With the foregoing as background, it is clear 
that a few distinct presenting clinical scenarios 
will be encountered, each with its own specific 
diagnostic and management schema. The most 
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fundamental initial distinction to be made is that 
between patients with thrombosis of the subcla- 
vian vein (i.e., Paget-von Schroetter syndrome) 
versus those with symptoms of non-thrombotic 


obstruction of the vein due to intermittent recur- 
ring mechanical compression at the thoracic out- 
let. Among patients with thrombosis, the next 
most important distinction is that between those 
with acute thrombosis and those with longstand- 
ing, chronic occlusion. 
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The most common presenting scenario is that 
of classic acute effort thrombosis: a young, oth- 
erwise healthy individual presenting with acute 
painful swelling of the arm following a period 
of strenuous upper extremity physical exertion. 
Because symptoms almost always become mani- 
fest within 24 h of the thrombosis, these patients 
usually present for evaluation without undue delay, 
and the diagnostic work-up must be carried out 
expeditiously so as to enable initiation of prompt 
catheter-directed thrombolysis. Thrombolysis 
is likeliest to be successful if performed within 
2 weeks of the onset of symptoms, although we 
and other authors have noted instances of suc- 
cessful thrombolysis even when lytic therapy has 
been instituted as much as 3 months (or longer) 
after the thrombotic event. Following thromboly- 
sis, it is essential that the thoracic outlet be fully 
decompressed and any residual intrinsic venous 
pathology be corrected. The algorithm originally 
proposed by Kunkel and Machleder in 1989 
consists of thrombolysis followed by 3 months 
of anticoagulant therapy (warfarin), after which 
trans-axillary first rib resection and scalenectomy 
(FRRS) is performed and any residual venous 
stenosis is treated [21]. However, the 3 month 
window from the time of lysis to eventual tho- 
racic outlet decompression represents a period 
during which patients are potentially at-risk for 
re-thrombosis, and several authors [22—24] have 
attempted to reduce or even close this window, 
and many surgeons now advocate thoracic outlet 
decompression during the same admission [25]. 

A second clinical scenario is that of the patient 
with effort thrombosis in whom there has been 
sufficient delay in diagnosis and treatment that 
thrombolytic therapy either cannot be undertaken 
or has been attempted unsuccessfully. In patients 
with recalcitrant chronic subclavian vein occlu- 
sions such as this, we have found that anticoagu- 
lation alone — with FRRS performed at a variable 
time interval after diagnosis — allows spontane- 
ous recanalization of the subclavian vein in a 
significant percentage of patients, and patency 
and symptomatic relief have been sustained at 
intermediate-term follow-up [26, 27]. 

Finally, in patients presenting with episodic 
symptoms of non-thrombotic venous obstruction 
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due to mechanical impingement at the thoracic 
outlet, the management schema is much less 
time-sensitive, and the diagnostic work-up and 
treatment can be conducted in a more elective 
fashion. These patients undergo full upper 
extremity venous duplex examination in both 
resting and stress positions as the initial diagnos- 
tic study. If this confirms significant impingement 
of the subclavian vein within the costoclavicular 
space, elective FRRS is performed. Follow-up 
venography is performed 2 weeks post-operatively, 
and any residual venous pathology is treated per- 
cutaneously at that time [28]. 





Conclusions 

As discussed later in this section, Level 1 evi- 
dence for much of what we do to treat patients 
with VTOS simply does not exist, and thus 
within the broad outlines of the treatment algo- 
rithms described above there remains consid- 
erable room for individual variation in practice. 
Such issues as the optimal surgical approach 
for decompression (transaxillary versus supra- 
clavicular), the degree of aggressiveness with 
lytic therapy or with endovascular interven- 
tions, and the duration of post-treatment anti- 
coagulant regimens all remain unsupported by 
controlled randomized data. It is, therefore, 
important to remember that recommendations 
regarding strategies for “best management” 
are merely guidelines within which the practi- 
tionerhas ampleroomtonavigate. Nevertheless, 
a few fundamental tenets warrant reiteration: 
(1) all patients with symptomatic VTOS 
(thrombotic and non-thrombotic) benefit from 
thoracic outlet decompression, and this is an 
essential component in the management of vir- 
tually every case; (2) patients with acute effort 
thrombosis benefit from early (within 14 days 
if possible) initiation of thrombolytic therapy 
and can usually be restored to their pre-morbid 
clinical status following successful lysis and 
surgical decompression; (3) patients with sub- 
acute or chronic subclavian vein occlusions 
may not benefit from aggressive attempts at 
pharmaco-mechanical recanalization and do 
quite well with thoracic outlet decompression 
and anticoagulation alone; and (4) in patients 


50 Clinical Presentation and Patient Evaluation in VTOS 




















hospitalized with acute effort thrombosis, sur- 
gical decompression of the thoracic outlet can 
be safely and effectively performed immedi- 
ately following thrombolysis, thereby allow- 
ing definitive treatment without undue delay. 
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Abstract 

Central venous obstruction (CVO) is the most common cause of failure of 
Arteriovenous fistulae (AVF) and grafts (AVG) placed for dialysis access. 
In essentially all reports, including international consensus statements for 
management of such patients, all CVOs are lumped together, implicitly 
assuming that all should be treated first with endovascular means. We point 
out that while stenosis in veins surrounded by soft tissue are appropriate 
for endoluminal intervention, those that occur at the costoclavicular junc- 
tion are identical in pathophysiology to and should be treated in a fash- 
ion similar to those in patients with “conventional” venous thoracic outlet 
syndrome. By aggressive use of thoracic outlet decompression in patients 
with dialysis access dysfunction caused by costoclavicular stenosis we 
have achieved fistula salvage in approximately two-thirds of patients who 
would otherwise have required ligation. This lesion should be considered 
“dialysis-dependent venous TOS” and treated aggressively. 


Introduction 


Over 350,000 persons have dialysis-dependent 
renal failure in the United States alone [1]. A fair 
number of these patients — 20-50 % — develop 
central venous obstruction (CVO) [2], defined as 
obstruction of the subclavian vein, innominate 
vein, or superior vena cava. Blood flow to the 
right atrium is restricted, resulting in significant 
arm or facial edema, prolonged fistula bleeding 
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(during cannulation and post-dialysis), inefficient 
dialysis, and eventual fistula failure [3]. 

The underlying pathophysiology of CVO 
in dialysis patients is multifactorial and com- 
plex. Catheter induced trauma is thought to be 
the most common cause of CVO in the dialy- 
sis population [4]. Approximately 60-80 % of 
dialysis patients at some point receive central 
venous catheterization for acute or long term 
access needs [2]. Catheter trauma induces 
venous endothelial denudation, subsequent 
subendothelial pericyte proliferation, increased 
secretion of tissue factor, and upregulation of 
cytokines and growth factors [5]. Thrombotic 
and inflammatory cascades are activated result- 
ing in venous intimal hyperplasia and luminal 
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obstruction [6]. The high flow through this area 
in patients with an ipsilateral fistula probably 
exacerbates or accelerates this cycle. 


Dialysis-Associated Venous Thoracic 
Outlet Syndrome 

Whether the central venous lesion is caused by an 
intrinsic problem (such as venous intimal hyper- 
plasia) or extrinsic compression is imperative to 
select appropriate treatment for these patients [7]. 
Current literature of treatment options in dialysis 
patients with CVO only target correcting intrinsic 
causes, mainly venous intimal hyperplasia, and 
implicitly lump all CVO together as one entity. 
The National Kidney Foundation-K/DOQI 
guidelines recommend percutaneous translumi- 
nal venoplasty with or without stenting as the ini- 
tial treatment for all CVO [8]. While endoluminal 
intervention is acceptable for central venous 
lesions associated with intimal hyperplasia and 
in vessels surrounded by soft tissue only, how- 
ever, this is not the situation at the costoclavicular 
junction (Fig. 51.1). At this point the clavicle and 
first rib, joined together anteriorally by the costo- 
clavicular ligament and their attachments to the 
sternum, apply a huge amount of force to the sub- 
clavian vein (which is the most anterior structure 
passing through this area). We believe that this 


Fig. 51.1 CT reconstruction 
of a patient with venous 
thoracic outlet syndrome 
clearly showing the point of 
compression at the anterior 
thoracic outlet (the “void” 
above the vein is the 
nonvisualized subclavius 
muscle, illustrating the 
importance of this structure). 
Note that the arm is in a raised 
position (Courtesy Wallace 
Foster, MBBS, FRACS, Royal 
Brisbane and Women’s 
Hospital, Brisbane, Australia) 





“dialysis-associated venous thoracic outlet syn- 
drome” should be treated exactly as we do any 
patient with VTOS, whether they have a fistula 
or not [7]. 

In an earlier paper from our institution, 
Bakken et al. reported a fistula salvage rate of 
only 54 % at 6 months when patients with CVO 
were treated with angioplasty and/orstenting [9]. 
Many of these patients, in retrospect, had lesions 
at the costoclavicular junction. Following this we 
made the mental connection between CVO at the 
costoclavicular ligament and VTOS, and began 
to apply VTOS treatment principles to these 
patients. We recently reported our experience 
with costoclavicular decompression in patients 
with fistula dysfunction [10]. All patients had 
prior unsuccessful balloon dilations (mean 2.3 
attempts) with continued fistula dysfunction. 
Patients underwent surgical decompression 
with first rib resection or claviculectomy, the 
latter if reconstruction was anticipated. In this 
report six underwent transaxillary first rib resec- 
tion and four medial claviculectomy, and in all 
patients aggressive external externalvenolysis 
was performed. A central venogram through 
the fistula was completed following surgical 
decompression and endovascular treatment per- 
formed if necessary. Fistula salvage was prom- 
ising at 80 % with mean follow up 8.3 months. 
All patients reported complete relief of upper 
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Fig. 51.2 Fistulagram of a 
patient with an arteriovenous 
fistula and central vein 
obstruction at the costoclavic- 
ular junction — “dialysis- 
associated venous thoracic 
outlet syndrome.” Venogram 
shows a focal stenosis 
beginning at the costoclavicu- 
lar junction with normal vein 
peripherally (solid arrow), and 
extensive collateralization 
(open arrow) 





Fig. 51.3 The same patient after transaxillary first rib 
excision, external venolysis, and balloon angioplasty. 
Note the immediate absence of collateral flow. The 
lesion did not respond to venoplasty alone and required 
stenting 


arm edema and pain. There was no mortality 
or significant morbidity. We now recommend 
transaxillary first rib resection in essentially all 
dialysis patients with costoclavicular lesions 
(Figs. 51.2 and 51.3). 
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Endoluminal Intervention 


Kreienberg et al. showed short subclavian stric- 
tures in Paget-Schroetter patients could be safely 
treated with angioplasty and stenting after decom- 
pression with reasonable long term patency. All 
patients (N=23) underwent angioplasty immedi- 
ately following supraclavicular thoracic inlet 
decompression, and 61 % required subclavian 
vein stenting for residual stenosis after angio- 
plasty. Nine of 14 stented veins remained patent 
at mean follow-up of 3.5 years. It should be noted 
that while mall numbers precluded subgroup 
analysis, all of the patients in this series who 
occluded had been stented [11]. Five of the dialy- 
sis patients who underwent surgical decompres- 
sion in our series later required central venoplasty 
(four subclavian, one innominate) and three had 
stents placed (two subclavian, one innominate). 
At 8 months all stents were functionally patent. 
Intravascular ultrasound ([VUS) is a helpful 
adjunct when stenting the central venous system. 
Healthy vein is measured proximal and distal to 
the lesion to approximate appropriate stent size. 
Raju et al. championed the use of IVUS guided 
stenting for chronic iliocaval and iliofemoral 
occlusions [12], and Gillespie et al. extended the 
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use of IVUS guided stenting in the innominate 
vein and superior vena cava [13], showing that 
dialysis patients with central venous stents placed 
using IVUS guidance had significantly larger 
stents compared to venographically-guided pro- 
cedures (19.7+3.2 mm vs. 10.04+2.0 mm, 
p=0.003). IVUS guided stenting was also associ- 
ated with an increase in fistula salvage rate. 





Surgical Reconstruction 


If the central lesion is occluded or cannot be 
crossed with a wire, alternatives include direct 
surgical reconstruction, “extraanatomic” HeRO 
catheter placement (Hemosphere, Eden Prarie, 
MN), bypass, or abandoning the fistula. If a 
patient is unfit for major surgery (e.g., median 
sternotomy) with limited life expectancy, the 
fistula should be ligated and another access site 
pursued. The contralateral arm or leg can be con- 
sidered for new fistula creation. If the patient can 
tolerate direct surgical repair and has a reason- 
able life expectancy, superior vena cava recon- 
struction or bypass [14—16] can be considered. In 
an effort to avoid sternotomy, we recently treated 
a subset of dialysis patients with occluded central 
veins with a substernally tunneled subclavian to 
right atrial bypass. Patients treated in this fashion 
had an existing fistula with symptomatic venous 
hypertension, no other options in the contralat- 
eral arm, and failed leg fistulas. Claviculectomy 
was performed and a third intercostal space 
“minipericardiotomy” to the right atrial append- 
age was used. Eleven underwent surgery, and at 6 
and 10 months, 66 and 33 % of the fistulas 
remained functional, respectively. While durabil- 
ity was not great, dialysis access was maintained 
for a length of time in those who had no other 
access options [16]. 

The most recent census from the National 
Kidney Foundation predicts the number of 
patients requiring long-term hemodialysis will 
only continue to rise [1], resulting in an inevitable 
increase of patients with central venous obstruc- 
tion. We believe a significant number of patients 
with threatened AV access due to central venous 
stenosis have lesions attributable to compression 





at the costoclavicular junction (e.g. “dialysis- 
associated venous thoracic outlet syndrome’’). 
Recognizing the lesion is the first step. The prin- 
ciples of venous thoracic outlet syndrome treat- 
ment, mainly surgical decompression by means 
of first rib or clavicular resection and thorough 
external venolysis, should then be applied. 
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Abstract 

VTOS in the pediatric patient is usually due to either positional obstruc- 
tion or effort thrombosis. Children may present with acute symptoms of 
arm swelling and discomfort and some may present with chronic symp- 
toms associated with dilated collateral veins. All patients should undergo 
hypercoagulable workup and duplex imaging of the axillo-subclavian vein 
to confirm the diagnosis. Further imaging of the thoracic outlet for soft 
tissue or osseous abnormalities should be also be performed. Those 
patients with acute thrombosis can undergo thrombolysis, followed by 
surgical decompression and anticoagulation. Patients who present with 
chronic symptoms should undergo decompressive surgery and adjunctive 
venolysis or repair followed by anticoagulation. Prognosis following 
decompression is superior to anticoagulation alone. Available evidence 
suggests a higher rate of bony abnormalities in this group, and that treat- 
ment should be identical to that of this condition in adults. 


Venous TOS (VTOS) is used to describe either 
episodic positional compression or thrombosis of 
the axillo-subclavian vein at the costoclavicular 
junction. Primary thrombosis is relatively rare 
and is thought to occur at an annual incidence of 
about 2 patients per 100,000 population [1, 2]. 
Entrapment of the subclavian vein and/or extrin- 
sic compression due to bony anomalies, muscular 
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hypertrophy, or acquired functional factors in the 
small costoclavicular space causes cumulative 
chronic injury to the vein in this area. In the acute 
setting, patients typically complain of a swollen, 
discolored, painful upper extremity usually 
following a history vigorous activity, while those 
in whom occlusion is chronic usually present 
with heaviness, aching, and a prominent venous 
pattern of dilated superficial collaterals involving 
the shoulder region, neck and anterior chest 
wall. 

Most patients typically present in their early 
30’s, but it is not unusual to see teenagers with 
this problem. It is difficult to truly document the 
number of children with VTOS as they are fre- 
quently included together with adults in most 
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reports; [3] most publications specific to the pedi- 
atric population have been small case series and 
case reports. About 3-5 % of adults with TOS 
present with VTOS, but VTOS appears to be 
more common in pediatric patients with thoracic 
outlet issues. Unlike the adult population (where 
the condition affects twice as many males as 
females), there is an equal male to female ratio in 
children with VTOS [4, 5]. Furthermore, in 
reviews of competitive athletes with effort throm- 
bosis, the age of presentation is markedly younger 
than the standard adult population with NTOS. In 
a report by Melby et al. [6], the average age of 
VTOS presentation in competitive athletes was 
20.3 years of age, while 17 of the 32 patients 
were less than 20. The dominant side was affected 
in all 14 teenaged patients. In other words, VTOS 
tends to present at a younger age than does 
NTOS. 

Several small recent reports discuss VTOS in 
patients younger than 20. Rigberg described 18 
cases of TOS in teenagers [7]. Twelve patients 
had NTOS and 6 (33 %) venous, two thirds of 
whom were male. All patients operated for 
VTOS had resolution of symptoms, with no fur- 
ther surgical intervention needed. Maru 
described 12 young (age 12-20 year) patients 
with TOS and noted 66 % of patients had vascu- 
lar symptoms, including 25 % with VTOS [8]. 
Vercellio described eight children with TOS, 
ranging in age from 8 to 16 years of age, 75 % 
of whom had VTOS [5]. Two of the children had 
effort thrombosis, while functional intermittent 
obstruction was seen in the remaining four. All 
patients with VTOS underwent surgery, and 
improved without signs of recurrence at a mean 
of 18 months of follow-up. An additional 2 
patients had venous malformations and were 
treated conservatively. In Arthur’s report of 
pediatric TOS [4], he found that 52 % of his 
patients had vascular TOS, with 11 (44 %) of 
the 25 having VTOS. Seven of these had effort 
thrombosis, with the remaining four having 
intermittent venous impingement. Three of the 
patients were found to have hypercoagulable 
states, with one having extensive thrombosis of 
the upper extremity, and did not undergo further 
intervention, and gender was equally divided 
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with 55 % male and 45 % of the VTOS being 
female. 

There seems to be a relatively high proportion 
of musculoskeletal abnormalities seen in children 
with VTOS. One of Rigberg’s six VTOS patients 
had a cervical rib [7]. O’Brien et al. [9] and Filis 
et al. [10] reported cases of VTOS secondary to 
first rib osteochondroma and clavicular exostosis 
respectively, and Vijaysadan et al. [11] described 
a 19 year old male who presented with effort 
thrombosis secondary to hypertrophy of the cora- 
cobrachialis and short head of the biceps (seen on 
MRI) due to strenuous exercises. 

Hypercoagulability has traditionally been 
believed not to play a role in VTOS, but there are 
recent data that suggest otherwise. Cassada 
recently showed that up to 67 % of patients (all 
ages) may have an underlying thrombophilic 
condition [12], while Brandao noted that some 
measure of hypercoagulability may be present in 
up to 50 % of adolescents [13]. By contrast, 
Bruins reviewed 34 adolescents with Paget 
Schroetter syndrome and found only 2 (6 %) who 
were positive for a thrombophilic condition, but 
noted that in 50 % of patients testing was not per- 
formed or results not reported [14]. 

The current standard of care for the treatment 
of VTOS in adults is catheter-directed thrombol- 
ysis followed by definitive decompression and 
anticoagulation for 3-6 months. Whether or not 
this algorithm should be identical in children is 
unknown, but some data support that treatment 
should be similar. Brandao reported his group’s 
experience with six children who had VTOS in 
2006 [13]. All six had confirmed VTOS on duplex 
and venography and three had a documented 
thrombophilic condition. All patients were treated 
with anticoagulation but did not undergo thoracic 
outlet decompression. Patients were seen at 3, 6 
and 12 month interval and recurrence was 
confirmed by clinical exam and imaging. 
Unfortunately, all patients were symptomatic at 
last follow up. Three patients were followed for 
more than 12 months, 2 with recurrence of throm- 
bosis and another who underwent decompres- 
sion. He concluded that adolescents diagnosed 
with VTOS and treated with anticoagulation 
alone have a poor outcome. 
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In most series of children with VTOS, the 
majority of patients underwent surgical inter- 
vention. Those with occlusion also underwent 
thrombolysis in several series, but this was 
not as universally applied. In Vercellio’s series 
(eight patients), for example, patients with 
venous thrombosis did not undergo thrombolysis 
[5]. At a mean follow of 18 months one patient 
rethrombosed and had recurrent, nondebilitat- 
ing edema. Conversely, in the series reported by 
Melby et al. [6], 9 of the 14 teenaged patients had 
thrombolytic therapy and all patients underwent 
subsequent surgical decompression (complete 
anterior and middle scalenectomy, brachial 
plexus neurolysis, excision of the subclavius 
muscle tendon, and resection of the entire first 
rib). All patients also had circumferential exter- 
nal venolysis extending from the axillary vein to 
the subclavian-jugular-innominate vein junction, 
four required subclavian vein bypass and one 
patch reconstruction (and, interestingly, seven 
also underwent radiocephalic AVF). All patients 
were anticoagulated for 12 weeks. At a median 
follow up was 3.6 years, all patients returned 
to unrestricted use and at least the equivalent 
athletic activity, although one patient had early 
bypass thrombosis that required thrombectomy 
with graft revision. Similarly Rigberg, in his 
series of six patients, treated all patients with 
thrombolysis followed by transaxillary first rib 
resection and anticoagulation [7]. Fifty percent 
required balloon angioplasty or additional lysis 
in the postoperative period, but none required 
venous reconstruction or additional scalenec- 
tomy. All patients were able to return to baseline 
activities. They noted no differentiating factors 
in treatment of adolescents VTOS from their 
adult counterparts. 

In summary, children and adolescents seem to 
have a higher chance of presenting with VTOS 
when compared to the adult TOS population. 
Optimal treatment remains controversial, 
although most series that report the “adult” pro- 
tocol of thrombolysis followed by surgical inter- 
vention and chronic (3-6 months’) anticoagulation 
show very good long term results. The presence 
of hypercoagulable states has not been well 
established in this group, and needs further 
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investigation. Overall we recommend treating 
these patients using the same algorithm as used in 
adults. 
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Abstract 

Axillary-subclavian vein (ASCV) effort thrombosis (Paget-Schroetter 
syndrome) is the acute manifestation of venous thoracic outlet syndrome 
(VTOS). While relatively uncommon, this condition is probably the most 
frequently encountered vascular disorder in the young, healthy, competi- 
tive athlete. Understanding VTOS is particularly important for vascular 
and thoracic surgeons caring for athletes, as well as orthopedic surgeons, 
emergency room physicians, and sports medicine specialists, since delayed 
diagnosis and/or incomplete treatment can prevent further participation in 
sports and recreational activities. Although the treatment options to be 
considered for VTOS are similar for all patients, competitive athletes often 
present special circumstances that need to be taken into account in the 
decision-making process. With early recognition, proper initial treatment, 
and definitive surgical care, most competitive athletes affected by VTOS 
can return to previous levels of performance within several months of 
diagnosis. 


Venous thoracic outlet syndrome (VTOS) is caused 
by compression of the axillary-subclavian vein 
(ASCV) between the clavicle and first rib, as well 
as the surrounding musculature and soft tissues. 
Compressive injury to the ASCV stimulates local- 
ized tissue fibrosis within and around the vein wall, 
and during repetitive cycles of injury and repair, 
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the site of vein compression eventually becomes 
surrounded by a collar of constricting scar tissue. 
This is usually asymptomatic due to simultaneous 
development of venous collaterals, but eventually, 
stagnant blood and turbulent flow within the nar- 
rowed segment of ASCV promotes thrombosis 
and occlusion. This results in the sudden symp- 
toms that constitute the “effort thrombosis” (Paget- 
Schroetter) syndrome: substantial arm swelling, 
cyanotic discoloration, heaviness, pain and/or 
fatigue. Given the association between vigorous 
overhead use of the upper extremity and the devel- 
opment of VTOS, it is not surprising that VTOS is 
regularly seen in competitive athletes involved in 
frequent throwing or weight lifting regimens. 
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Clinical Presentation, Diagnosis, 
and Initial Treatment 


ASCV effort thrombosis should be suspected in 
any young, healthy, active individual that presents 
with the sudden onset of arm swelling, particularly 
those with a history of vigorous overhead activities 
or weightlifting, as well as in any young individual 
with otherwise unexplained pulmonary embolism. 
Physical examination reveals pronounced arm 
swelling, cyanotic discoloration and distention of 
subcutaneous veins around the upper arm, chest, 
and shoulder. The diagnosis may at times be mis- 
taken for reaction to an insect bite on the upper 
extremity, an allergic reaction to topical medica- 
tion, or a nonspecific musculoskeletal strain. 

The diagnosis and initial treatment of ASCV 
effort thrombosis is described in detail elsewhere 
in this text. Briefly, it is important to emphasize 
that upper extremity Duplex ultrasound is rela- 
tively inaccurate for this condition and cannot be 
used to exclude the diagnosis, and that the definitive 
diagnosis requires conventional contrast venogra- 
phy. Contrast venography is also required for cath- 
eter-based thrombolysis, which has emerged as the 
preferred initial step in treatment. The goal of 
thrombolysis is to clear any recent clot from the 
ASCV and principal collaterals, which will usu- 
ally result in a marked improvement in symptoms. 
There is usually a focal occlusion or high-grade 
residual stenosis of the proximal ASCV, represent- 
ing underlying fibrous tissue at the level of the first 
rib. Attempts to treat this by balloon angioplasty 
are usually unsuccessful, and placement of stents 
in the ASCV should be completely avoided in the 
absence of venous decompression. Systemic anti- 
coagulation in then continued while subsequent 
treatment options are rapidly explored. 


Treatment Options 


Following initial diagnosis and thrombolytic 
therapy, there are three principal treatment 
options to be considered: (1) Anticoagulation 
alone; (2) Surgical treatment by thoracic outlet 
decompression with observation and secondary 
interventional treatment of the ASCV; and (3) 
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Surgical treatment by thoracic outlet decompres- 
sion with immediate assessment and treatment of 
the ASCV. 


Anticoagulation 


Although treatment with long-term anticoagula- 
tion alone may be considered, this “conservative” 
approach is associated with a substantial inci- 
dence of recurrent thrombosis, persistent symp- 
toms, and residual limitations in arm activity. 
Anticoagulation is also incompatible with ath- 
letic activities involving physical contact or the 
potential for head injury. There is little informa- 
tion available on the appropriate duration of anti- 
coagulation for ASCV effort thrombosis, since 
the results of treatment for iliofemoral deep vein 
thrombosis cannot be extrapolated to this condi- 
tion given the distinct pathophysiology underly- 
ing VTOS. Lifelong anticoagulation thereby 
often appears the most reasonable recommenda- 
tion in the absence of thoracic outlet decompres- 
sion to remove the cause of venous compression. 
Because the limitations of this approach are unac- 
ceptable for the competitive athlete hoping to 
return to their sport (as well as for the large 
majority of individuals affected by ASCV effort 
thrombosis), definitive surgical treatment is usu- 
ally the best recommendation. It has also become 
clear over the past decade that optimal results are 
achieved when surgical treatment is performed 
within approximately 2-3 weeks of diagnosis 
and thrombolytic therapy [1—3]. Since delays in 
treatment while attempting conservative manage- 
ment may allow re-thrombosis, which may pre- 
clude certain therapeutic options, in most patients 
prompt referral for definitive surgical manage- 
ment is recommended at the time of initial diag- 
nosis or thrombolytic therapy. 


Surgical Treatment 


Operative treatment of VTOS is centered upon two 
goals: (1) decompression of the ASCV and col- 
lateral venous pathways throughout the thoracic 
outlet, and (2) restoration and maintenance of 
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normal blood flow through the ASCV. Thoracic 
outlet decompression is accomplished by first 
rib resection along with division or removal of 
the anterior scalene and subclavius muscles. 
These steps can be effectively performed through 
transaxillary, supraclavicular or infraclavicular 
(subclavicular) approaches, or combinations of 
these incisions. 

The transaxillary approach to VTOS typically 
involves partial resection of the first rib and sim- 
ple division of its scalene muscle attachments, 
but it is not feasible to expose or control the 
ASCV from this incision alone. For this reason, 
these operations are usually coupled with the use 
of intraoperative or postoperative venography 
and performance of balloon angioplasty and/or 
stent placement to deal with any residual stenosis 
in the ASCV [4-6]. From the information avail- 
able, it appears that a residual ASCV stenosis is 
present in at least 50 % of patients treated with 
first rib resection alone; thus, this approach is 
coupled with a high frequency of secondary inter- 
ventions that may not always resolve the venous 
pathology. In contrast, anterior (supraclavicular 
and/or infraclavicular) approaches to thoracic 
outlet decompression permit more thorough 
resection of the anterior scalene and subclavius 
muscles and more complete first rib resection, 
particularly the anteromedial first rib, which is 
directly adjacent to the ASCV and may harbor 
abnormalities, such as occult fractures (observed 
in approximately 40 % of patients with VTOS) 
[7, 8]. Anterior approaches also allow direct 
ASCV reconstruction, by either patch angioplasty 
or interposition bypass graft placement, with 
completion of all of the necessary steps during a 
single operative procedure. Some of the largest 
reported series in the literature on VTOS and 
those with the most successful results have been 
described with anterior approaches coupled with 
direct ASCV reconstruction [9, 10]. 

For the reasons stated above, in our institution 
we have preferred operative treatment for VTOS 
using a “paraclavicular” approach, which com- 
bines the advantages of both supraclavicular and 
infraclavicular incisions [11, 12]. In a reported 
experience drawing from more than 100 patients 
treated over a 10-year period, we treated 32 high- 
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performance athletes (31 % high school, 47 % colle- 
giate, and 22 % professional) [10]. The mean 
interval between symptoms and definitive veno- 
graphic diagnosis in these patients was 
20.2+5.6 days (range 1-120), with catheter- 
directed subclavian vein thrombolysis performed 
in 26 (81 %). Surgical treatment consisted of 
anterior and middle scalenectomy and complete 
first rib resection, with no patient requiring divi- 
sion of the clavicle, disruption of the sterno- 
clavicular joint, or partial sternotomy. With the 
excellent exposure of the ASCV afforded by the 
paraclavicular approach, immediate patency of 
the ASCV was restored by circumferential exter- 
nal venolysis alone (56 %) or by direct venous 
reconstruction (44 %, with venous bypass grafts 
in 11 and vein patch angioplasty in 3). 
Anticoagulation was maintained for 12 weeks 
after surgery and all 32 athletes resumed unre- 
stricted use of the upper extremity, with a return 
to competitive sports at a median interval of 
3.5 months (range 2-10 months). We found that 
the overall duration of management (from symp- 
toms to a return to full athletic activity) was 
significantly correlated with the time interval 
from venographic diagnosis to operation, and 
longer in patients with persistent symptoms or 
rethrombosis prior to referral. We have concluded 
from this experience that optimal management of 
VTOS in the competitive athlete is dependent on 
early recognition by treating physicians, diagnos- 
tic venography and thrombolytic therapy; prompt 
referral for comprehensive surgical management 
based on paraclavicular thoracic outlet decom- 
pression with external venolysis and frequent use 
of subclavian vein reconstruction; and temporary 
postoperative anticoagulation integrated with 
care by a physical therapy team that has expertise 
in the management of all forms of TOS [13]. 





Special Considerations 
in the Competitive Athlete 


The vascular surgeon, thoracic surgeon or 
other physician specializing in the management 
of TOS is often consulted for advice regarding 
the optimal treatment for a competitive athlete 
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that has developed ASCV effort thrombosis. In 
evaluating the various treatment options for 
VTOS, the physician must obviously be closely 
familiar with the pros and cons of each treatment 
strategy. In addition, it is valuable to have an 
understanding of the demands of the individual 
athlete’s sport, the timing and duration of the sea- 
son and off-season schedule, and the particular 
nuances that may accompany competition at var- 
ious levels. For example, the competitive high 
school athlete is sometimes driven by parental 
pressure to achieve a level of success sufficient to 
earn a college scholarship, in which case the tim- 
ing of medical/surgical treatment must be juxta- 
posed with a desired return to sport during the 
school year, particularly the junior and senior 
years. Similar considerations apply to the colle- 
giate athlete; however, some individuals are 
motivated to complete in a final year or two of 
sports without anticipation of a professional 
career, and may therefore have less ambitious 
plans for future participation in sports. For the 
professional athlete, the type and timing of treat- 
ment is often dictated by the point in the season 
or off-season at which ASCV effort thrombosis 
occurs. Whether or not the team is actively com- 
peting for a championship in that particular sea- 
son or is a “rebuilding” phase, the role played by 
the individual athlete in that team effort versus 
the potential substitute(s) available, and the 
finances and stage of an individual athlete in their 
professional contract, may all influence the 
aggressiveness desired in achieving a rapid return 
to play. At times there is a temptation to offer 
partial or temporizing treatment to allow an ath- 
lete to complete play during a given season, plan- 
ning for definitive treatment once the season has 
ended. However, the feasibility of this approach 
is limited with VTOS, since in most sports the 
patient cannot compete while on anticoagulation 
treatment, and an early resumption of athletic 
activity in the absence of anticoagulation can be 
expected to result in early rethrombosis. Thus, in 
patients who have undergone venographic diag- 
nosis and thrombolytic therapy, the best option is 
almost always a consideration for prompt surgi- 
cal treatment, ideally within several weeks of 
thrombolysis to allow for the most rapid recovery 
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and rehabilitation. With respect to the choice of 
operative treatment, the consulting physician 
should be familiar with the two principal 
approaches that are generally used to manage 
VTOS and their respective advantages and disad- 
vantages, and be able to place these consider- 
ations into the context of the potential need for 
additional treatments and an anticipated return to 
athletics for the patient, family, athletic trainers, 
other team representatives, and agents (in the 
case of the professional athlete). It is not uncom- 
mon for the athlete, family, team and/or agent to 
request several different opinions; thus, it is help- 
ful for the consulting physician to be aware of the 
specialists with greatest experience in treating 
patients with VTOS and to be able to facilitate 
additional referrals when necessary. 

For the surgeon undertaking treatment of the 
competitive athlete with VTOS, it is crucial to 
recognize the impact that this condition has had, 
and will have, on the patient’s participation in 
competitive sports, which in many cases is the 
patient’s means to obtain or maintain a collegiate 
scholarship or is even their principal livelihood. 
An extra degree of attention is required with 
regard to close and open communication with the 
patient, family, and team representatives regard- 
ing expectations and progress at each step of care, 
along with close collaboration between the sur- 
geon and other health care personnel, particularly 
the physical therapy team assisting with postop- 
erative care. With a coordinated effort and well- 
established protocols, the surgeon can obtain 
excellent results with a high degree of patient sat- 
isfaction, along with a prompt and successful 
return of the athlete to competitive activity. 
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Abstract 


Noninvasive advanced imaging of vascular thoracic outlet syndrome is 
best performed with computed tomography (CT) and magnetic resonance 
imaging (MRI). Both modalities allow for dynamic imaging of the tho- 
racic outlet and can demonstrate narrowing of the arteries or veins that is 
induced by positional changes. This chapter focuses on the technical 
aspects of CT and MR imaging of the thoracic outlet, with particular atten- 
tion paid to the advantages and limitations of these techniques. In addition, 
case examples of both arterial and venous thoracic outlet syndrome 
diagnosed with CT or MRI are provided. 


Imaging of the Vascular Thoracic 
Outlet 


Multiple diagnostic imaging modalities are use- 
ful for evaluating the thoracic outlet, especially 
with regard to vascular (venous or arterial) pathol- 
ogy, including plain radiographs, duplex ultra- 
sound, computed tomography (CT), magnetic 
resonance imaging (MRD), and digital subtraction 
angiography (DSA). The use of ultrasound for 
VTOS was reviewed in Chap. 50, “Clinical 
Presentation and Patient Evaluation in VTOS,” 
and both ultrasound and angiography for ATOS 
are covered in the next section. This chapter will 
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focus on CTA and MRI techniques [1-4], includ- 
ing their diagnostic value and limitations in the 
assessment of vascular thoracic outlet syndrome; 
because the techniques are so similar, both venous 
and arterial imaging will be covered. 


Computed Tomographic Imaging 
of the Thoracic Outlet 


CT of the thoracic outlet provides exquisite detail 
of the relationship between the subclavian artery 
and vein with the adjacent ribs and clavicle 
(Fig. 54.1). CT requires exposure to ionizing 
radiation, but newer algorithms and advance- 
ments in technology can help to limit the overall 
radiation dose. It is critically important to under- 
stand that the dynamic nature of vascular TOS 
necessitates scanning the patient in multiple posi- 
tions with provocative maneuvers to illicit vascu- 
lar compression. The typical approach involves 
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Fig. 54.1 Normal CTA. Images (a) (sub-volume maxi- 
mum intensity projection CT) and (b) (volume rendered 
image) from the same patient. The subclavian artery is 
normal in caliber with arm in the abducted position 
(arrows). Note the depiction of the vascular and bony 
relationship in image (c) which is reformatted and 
displayed in sagittal orientation from a separate patient 


acquiring images both with the patient’s arms 
adducted to the side and abducted over their head. 
In the abducted position, the costoclavicular 
space and retropectoralis space become narrowed 
even in healthy volunteers. This narrowing, how- 
ever, may be significant enough in symptomatic 
patients to lead to vascular (or neurologic) com- 
pression. The presence of luminal narrowing of 
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the subclavian vein or artery in the abducted posi- 
tion can thus support the diagnosis of thoracic 
outlet syndrome in a symptomatic patient 
(Fig. 54.2). When evaluating solely for venous 
disease, mild compression alone may be of ques- 
tionable significance given that the subclavian 
vein may appear narrowed in healthy volunteers 
during provocative maneuvering. Although late 
manifestations, the presence of venous collater- 
als, thrombosis, or fixed stenosis of the subcla- 
vian vein regardless of position are much more 
specific signs of venous TOS (Fig. 54.2). 
Similarly, in evaluating arterial compression, 
post-stenotic dilatation or frank aneurysm forma- 
tion as well the presence of collateral vessels sup- 
port a diagnosis of arterial TOS. 


Technique 


Non-ionic intravenous contrast is required for 
visualization of the vessels on CTA. Clinical 
differentiation between arterial or venous etiol- 
ogy for thoracic outlet syndrome is often 
difficult on a single acquisition and hence both 
arterial and venous phases are typically 
obtained. Prior to the scan, a large bore intrave- 
nous catheter, capable of accommodating injec- 
tion rates up to 4.5 ml/s should be placed on the 
contralateral or asymptomatic side in order to 
avoid extensive streak artifact from dense con- 
trast in the subclavian vein obscuring visualiza- 
tion of the subclavian artery on the symptomatic 
side. Timing of the arterial phase of image 
acquisition may be achieved by using a set 
delay of 15-20 s (following monophasic injec- 
tion at 4 ml/s), using a test bolus, or via bolus 
tracking. With the bolus tracking method, a 
region of interest is placed over the aorta and 
imaging commences either immediately or after 
a set delay once the region of interest enhances 
beyond a set threshold. Venous phase images 
are acquired following the arterial phase, usu- 
ally 80-90 s after injection. Images are acquired 
in the transaxial plane with thin slices, allowing 
for the creation of multiplanar reconstructions, 
volume rendered images, and maximal inten- 
sity projections of the final data sets. If both 
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Fig. 54.2 CTA of right venous thoracic outlet syndrome. 
Image (a) (maximum intensity projection CT) demon- 
strates narrowing of the right subclavian vein (arrow) with 
enlarged venous collaterals. The maximum point of 


arms are to be evaluated, a split bolus injection 
(injected into both arms) should be used with a 
5 min delay between injections to avoid venous 
contamination. If the primary concern is venous 
occlusion, additional scans can be performed 
while injecting at a lower rate (1—2 cc/s) on the 
symptomatic side with the patient in abduction 
and adduction. This allows for visualization of 
early collateral vessel filling. 


Advantages of CT Scanning 


The major advantage of CT scanning is that it 
provides superb visualization of blood vessels 
without catheter-directed injection. It also pro- 
vides the best spatial resolution and anatomic 
detail of bony structures with the images acquired 
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compression coincides with the location of a non-united 
clavicular fracture, also seen on digital subtraction angiog- 
raphy (b) and radiograph (c) 


in a matter of seconds. It can, of course, be per- 
formed with contrast in patients who are on 
dialysis. 


Limitation of CT Scanning 


CT contrast agents should not be used in patients 
with renal insufficiency due to the potential risk 
of nephrotoxicity. Patients are usually screened 
on the basis of serum creatinine (with a typical 
cutoff of 1.6—-1.8 mg/dl) or glomerular filtration 
rate (with typical lower threshold of 30 mg/ 
dl/m’). However, in the setting of acute renal 
insufficiency, creatinine and GFR should be taken 
in the context of the patient’s normal baseline. In 
addition to the relative contraindication of renal 
insufficiency, prior contrast allergy may be a 
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limiting factor in performing CTA. Pretreatment 
regimens including prednisone (or equivalent ste- 
roid) as well as antihistamines may be appropriate 
in patients with prior mild reactions such as hives 
or itching. However, prior anaphylactoid reac- 
tion to intravenous contrast is a contraindication 
to elective CTA despite pre-treatment. Finally, 
while CTA is especially useful in evaluating the 
bony anatomic boundaries of the thoracic out- 
let, it is suboptimal in evaluating the neurologic 
and soft tissue components due to limitations in 
achievable soft tissue contrast resolution; MRI is 
a better choice for these indications. 


Magnetic Resonance Imaging 
of the Thoracic Outlet 


MRI provides dynamic evaluation of the tho- 
racic outlet without the use of ionizing radiation. 
Superior soft tissue contrast and anatomic detail 
of both vascular and neurologic components of 
the thoracic outlet make MRI an optimal imag- 
ing modality in young patients with suspected 
vascular compromise. Similar to CT, MRI is 
performed with the arms in the neutral adducted 
position as well as abducted over the head. MRI 
protocols may involve both anatomic sequences 
to evaluate the musculature and bony anatomy 
(usually T1 weighted images) as well as angio- 
graphic images. Diagnosis of vascular compres- 
sion is similar to CT with observation of luminal 
narrowing, post-stenotic dilation, collaterals, 
and thrombosis (Figs. 54.3 and 54.4). Superior 
soft tissue resolution may allow for identification 
of fibrous bands or aberrant musculature at the 
level of vascular compression. 


Technique 


A comprehensive thoracic outlet MRI protocol 
provides evaluation of the vasculature as well as 
anatomic imaging of the bones, musculature, 
and brachial plexus. Tl and T2-weighted high 
resolution sagittal and axial images provide an 
anatomic overview of the thoracic outlet, allow- 
ing for diagnosis of cervical ribs, fibrous bands, 
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and aberrant musculature. Intravenous gadolin- 
ium contrast agents are used in acquiring MR 
angiographic images to produce bright signal 
within the vessels. When utilizing conventional 
extravascular gadolinium agents, two injections 
are typically performed, one with the arms 
adducted and then a second with the arms 
abducted. Although many techniques exist for 
acquiring arterial phase images, use of a test 
bolus to determine accurate arterial phase tim- 
ing appears to be most reliable. Venous phase 
images are then typically obtained using a fixed 
time delay of approximately 80 s, but multiple 
delayed images can be obtained as desired. 
Angiographic images are obtained in a coronal 
plane using a 3D acquisition before and after 
contrast administration, which then allows for 
subtraction of the two data sets. The final images 
can also be displayed as maximal intensity pro- 
jections, sub-volume maximum intensity projec- 
tions, or using volume rendering techniques. 
The typical field of view usually allows for visu- 
alization from the aortic arch to the proximal- 
mid brachial artery with achievable field of view 
determined primarily by the patient’s body habi- 
tus, size of the coil, and technical parameters of 
the MR scanner (Fig. 54.4). Additional coverage 
to include more distal vessels requires patient 
and coil repositioning. 

With the recent addition of a new blood pool 
agent, Gadofosveset trisodium  (Ablavar, 
Lanthues, Billerica, MA), to the MR contrast 
armamentarium, MR angiography techniques 
have become somewhat simpler. Gadofosveset 
trisodium allows for both first-pass angiographic 
imaging of the arteries as well as steady state 
imaging. During the steady state, arteries and 
veins both enhance and vascular imaging can be 
obtained for up to an hour after injection. 
Prolonged enhancement of the vasculature allows 
for dynamic imaging following a single injection, 
which is especially useful in the thoracic outlet 
where positional changes in vessel caliber are the 
hallmark of diagnosis. 

While contrast enhanced MR evaluation pro- 
vides superior and more reliable determination 
of vessel patency, non-contrast MRI techniques, 
such as time-of-flight and quiescent interval 
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Fig. 54.3 MRI of right venous thoracic outlet syndrome. 
Image (a) (sub-volume maximum intensity projection 
MRI) in adducted position and Image (b) (maximum 
intensity projection MRI) in abducted position. The 


steady state imaging, may be an option in 
patients who cannot receive contrast due to 
allergy or poor renal function. Time-of-flight 
techniques utilize repeated RF pulses to null 
background tissue signal in a single slice. When 
blood outside the slice flows into the nulled 
plane, it is bright, and thus angiographic images 
are produced. Saturation bands can be used in 
the direction of venous or arterial flow to avoid 
unwanted contamination. Because this tech- 
nique relies on blood that is flowing through the 
plane of acquisition, vessels that are tortuous or 
flow horizontally within the slice may demon- 
strate artifactual lack of signal and appear as 
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subclavian vein (arrow) demonstrates dynamic narrowing 
in the abducted position in this patient who subsequently 
underwent right thoracic outlet decompression 


non-patent. Hence, caution should be used when 
interpreting areas of possible occlusion in ves- 
sels that are oriented parallel to the acquisition 
plane. 


Advantages of MR Scanning 


One major advantage is the absence of exposure 
to ionizing radiation, although severe renal 
insufficiency (see below) remains an issue. 
MRA/V provides excellent contrast-to-noise for 
vascular imaging, and dynamic imaging can be 
performed with the single injection of a blood 
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Fig. 54.4 MRI of left arterial thoracic outlet syndrome: 
With the arms adducted, coronal source (a), MIP (b), and 
3D volume rendered images (c) demonstrate narrowing of 
the left subclavian artery at the thoracic inlet with a par- 
tially thrombosed post-stenotic aneurysm (arrowheads). 
In the equilibrium phase (d) with the arms up, there is 


pool agent. MRI also offers the best contrast reso- 
lution allowing for visualization of fibrous bands, 
muscles, nerves, and vessels (see Chap. 18). 


Limitations of MR Scanning 


Because MR images are acquired with the use of 
a magnetic field, patients with some metallic 
devices (such as pacemakers or neurogenic stim- 
ulators) may not be able to undergo MRI exami- 
nation safely. Screening of all patients is therefore 
necessary. Ferromagnetic metal may also be 
problematic from an imaging standpoint as it can 
result in extensive artifacts that may obscure 


complete occlusion of the left subclavian artery (arrow) as 
it passes below the left clavicle (arrowhead). This patient 
underwent surgery to repair the aneurysm and relieve the 
obstruction. This study was performed with only 6 ml of 
gadofosveset trisodium, a blood pool contrast agent 


visualization of the vessels (Fig. 54.5). It should 
be noted that the majority of newer vascular 
stents do not result in significant artifact and MRI 
is usually still an option in these patients. 
Visualization and evaluation of the stent lumen is 
limited and one cannot use MRI to exclude an 
in-stent stenosis. Because MRI sequences are 
motion sensitive, breath-holding is often required 
for imaging the chest and region of the thoracic 
outlet. Hence, patients who are unable to hold 
their breath for 20 s may not be suitable candi- 
dates for MRI. Additionally, the bore or opening 
of the MRI magnet is often smaller than that of a 
CT scanner and claustrophobia or patient size 
may prohibit MRI, although open or large bore 
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Fig. 54.5 Artifact obscuring the left thoracic outlet vas- 
culature. Image (a) (maximum intensity projection MRI) 
in adducted position, Image (b) (radiograph), and Image 
(c) (transaxial volumetric interpolated breath held T1 
weighted MRI). There is apparent nonvisualization of the 
left subclavian vessels (arrow) on the maximum intensity 
image. However, upon viewing the radiograph and the 
transaxial source images, the signal loss is actually related 
to metallic susceptibility artifact (arrows) 
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magnets allow for imaging larger patients and 
patients with less severe claustrophobia. 

Finally, patients with severe renal insufficiency 
cannot receive gadolinium contrast agents due to 
the risk of nephrogenic systemic fibrosis (NSF). 
In patients with moderate renal insufficiency 
(glomerular filtration rates of 30-60 mg/dl/m’), 
MRI contrast may be a better option than CT 
contrast as gadolinium is not nephrotoxic and 
the risk of NSF in these patients is very low to 
negligible. 
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of Care for VTOS 


Hugh A. Gelabert 


Abstract 


Venous thoracic outlet syndrome (VTOS) may presents with a variety of 
symptoms and at different stages of the disease process. Thrombolysis, 
angioplasty, stenting, and surgical decompression are appropriate for some 
presentations, but may not serve for others. Best results are obtained with 
the correct diagnosis, evaluation and treatment. This chapter focuses on 
the different presentations, the evaluation, and the care pathways which 
lead to best outcomes for patients presenting with VTOS. 


Introduction 


Venous thoracic outlet syndrome (VTOS) most 
often presents with the acute onset of arm swell- 
ing, discoloration, pain, and heaviness due to 
thrombotic occlusion of the axillosubclavian 
vein. It is a rare condition and is not the first one 
considered by most primary care physicians. 

Best medical care for patients with VTOS 
requires familiarity with the range of presenta- 
tions as well as the ability to quickly differentiate 
between VTOS and conditions which may be 
confused with it 
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Venous TOS 


Venous thoracic outlet syndrome refers to the 
constellation of symptoms and findings associ- 
ated with extrinsic compression of the subclavian 
vein as it courses across the anterior thoracic out- 
let (see Chap. 49). This compression is caused by 
the junction of the first rib and clavicle along with 
associated muscles. This approximation is 
dynamic, and aided by contraction of the anterior 
scalene and subclavius muscle which raise the 
first rib. Compression is further accentuated by 
hypertrophy of the anterior scalene and sub- 
clavius muscles, and as these muscles enlarge the 
space between them will be reduced. This space 
is the normal domain of the subclavian vein, and 
impingement will reduce the venous lumen. Once 
venous lumen is reduced to a critical degree then 
venous blood flow is restricted and consequent 
congestive symptoms will result. While affected 
patients tend to be young (ages 20—30s are most 
common), age of the patient may vary. Similarly, 
while most patients have engaged in vigorous 
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activities using their upper extremities, many 
VTOS patients are not very active or athletic. 


Presentation 











In general VTOS can present in one of four ways: 
acute upper extremity venous thrombosis, post- 
phlebitic stenosis, intermittent non-thrombotic 
compression, and chronic venous occlusion [1] 
(Table 55.1). 

Acute upper extremity venous thrombosis: The 
most common manifestation of VTOS is that of 
acute upper extremity venous thrombosis, also 
called Paget-Schroetter syndrome or effort throm- 
bosi. This commonly occurs in active individuals 
who are engaged in labor, sporting activities, or 
other occupations which require repeated vigor- 
ous use of the upper extremities, and this history 
of vigorous upper extremity activity provides a 
context upon which the diagnosis of VTOS may 
be more quickly suspected. The presenting his- 
tory most often relates a rapid onset of conges- 
tion, swelling, discoloration and pain in the 
affected extremity. Most patients are motivated to 
seek attention by the dramatic nature of the pre- 
sentation (Fig. 55.1). 

When seen acutely, the limb may be dramati- 
cally congested and discolored with venous 
prominence, dramatic size discrepancy, and pain. 
This most dramatic presentation is often recog- 
nized as an acute deep vein thrombosis (DVT) by 
most physicians, although not all patients present 
with such dramatic symptoms. The diagnosis of 
an upper extremity DVT is very easily established 
with either duplex ulstraounography or venogra- 
phy, but the dangers are that either the fact that 
this is VTOS (..e., requires attention to the tho- 
racic outlet) will be missed or that “conventional” 
DVT treatment alone (i.e., thrombolysis will not 
be considered) will be pursued. 

Intermittent non-thrombotic venous compres- 
sion: Some patients with VTOS do not have throm- 
botic occlusion. Such patients may complain of 
intermittent symptoms of congestion and swelling 
with a variety of arm positions or activities [2—5], 
but when not stressed by these activities the arm is 
normal. These intermittent symptoms may be 


Table 55.1 Major presentations of vTOS 


Major presentations of vVTOS 
Acute upper extremity DVT 


Post-phlebitic vein with stenosis and extrinsic 
compression 


Intermittent non-thrombotic compression at 
thoracic outlet 


Chronic venous occlusion across thoracic outlet 





Fig. 55.1 Acute Axillo-subclavian vein occlusion. Note 
the intraluminal filling defects in the region of the cathe- 
ter, the absence of flow centrally, and the pathognomonic 
collateral filling 


challenging for physicians as they are not as com- 
mon or extreme as those ariseing from an acute 
DVT. Initially described by Mc Cleery and associ- 
ates in 1953, it is sometimes denoted McCleery’s 
syndrome [2] but more generically referred to as 
intermittent non-thrombotic venous compression. 
It is critical to perform venography with the arm 
fully abducted in order to demonstrate positional 
compression (Fig. 55.2). 

Post-phlebitic stenosis: Some patients present 
with post-phlebitic stenosis as a consequence of a 
prior acute DVT. These patients may have been 
treated initially with anticoagulation only and 
have been fortunate enough to recanalize their 
vein due to endogenous thrombolysis. Such a vein 
has features which identify it as post-phlebitic (in 
the proper clinical context): the walls are irregular 
and the diameter of the vein is reduced. An area of 
high-grade compression is seen at the thoracic 
outlet, usually accompanied by venous collateral- 
ization across the thoracic outlet. The symptoms 
which these patients suffer include swelling, 
heaviness and arm fatigue, again exacerbated by 
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Fig. 55.2 Intermittent compression with position change. No collateral seen with arm in neutral position (a). Note the 


visible collateral when the arm is abducted (b) 





Fig. 55.3 Post-phlebitic vein with stenosis 


use or abduction of the extremity. Positional 
venography is diagnostic (Fig. 55.3). 

Chronic venous occlusion: Finally, chronic 
venous occlusion occurs when a thrombosed sub- 
clavian vein fails to recanalize. The venous occlu- 
sion is usually the result of fibrous conversion of 
the thrombus within the vein following the initial 
DVT, and is readily distinguished from an acute 
DVT by the resistance of the thrombus to phar- 
macological or mechanical thrombolysis or even 
wire passage. Because of the chronicity and the 
degree of occlusion, ample venous collateraliza- 
tion is noted across the thoracic outlet (Fig. 55.4). 
The presenting symptoms are those of chronic 
venous congestion which exacerbates with use of 
the arm. Occasionally severe extrinsic compres- 
sion without thrombosis or fibrosis can occur; 
such a “pseudo occlusion” is detected by gentle 





Fig. 55.4 Chronic occlusion 


passage of a guide wire across the occluded seg- 
ment. Some patients with chronic occlusion can 
present with acute exacerbation of symptoms 
caused by loss of a critical collateral. 


Differential Diagnosis 


The differential diagnosis which must be enter- 
tained in patients with VTOS includes those con- 
ditions which result in upper extremity limb 
swelling, discoloration, and discomfort. The pre- 
sentation may be subdivided according to acute 
and chronic presentations (Table 55.2). 

Acute thrombosis can be secondary or primary 
(“spontaneous”). In this context, “spontaneous” 
indicates that no prior instrumentation of the vein 


382 


Table 55.2 Differential diagnosis of arm swelling 


Primary venous thrombosis 
Acute axillo-subclavian vein thrombosis 
Paget Schroetter syndrome (PSS) 
Thoracic outlet compression 
Pancoast tumors 
Thrombophilia 
Secondary venous thrombosis 
Venous catheters 
Pacemaker wires 
Chronic causes of arm swelling 
Central venous stenosis and AV dialysis fistulas 
Lymphedema 
Klipple Treanay Syndrome (KTS) 
Chronic post phlebitic syndrome 
Miscellaneous causes of arm swelling 


Rheumatological disorders (Raynaud’s disease, 
scleroderma, systemic lupus erythematosus, 
dermatomyositis, polymyositis, mixed connective 
tissue disorder, cold agglutinin disease, rheumatoid 
arthritis, cryoglobinemia, vasculitis) 

Infections with cellulitis, allergic reactions, insect 
bites, and trauma 


Mass effect of adenopathy or aneurysms 


Metabolic causes: thyroid dysfunction with 
myxedma and anasarca, heart failure 


has occurred, and in most instances, this presen- 
tation is considered synonymous with Paget- 
Schoroetter syndrome [6, 7]. Paget-Schoroetter 
syndrome is usually felt to be the acute form of 
VTOS, but some clinicians use this to refer to any 
thrombosis in this area. Conditions that can cause 
thrombosis include Pancoast tumors, thrombo- 
philia, and trauma, and prior to embarking on 
treatment it is important to distinguish these con- 
ditions. In part this distinction is made by evalua- 
tion of the patient’s coagulation profile, skeletal 
anatomy, and venous anatomy revealed by venog- 
raphy in conjunction with the clinical situation. 
Ideally, the thrombus within the vein should be 
cleared in order to allow evaluation of the subcla- 
vian vein at the thoracic outlet, and identification 
of the extrinsic compression of the subclaivan 
vein at the thoracic outlet at rest or with posi- 
tional maneuvers is made. 

Pancoast tumors are malignancies which 
involve the apex of the chest [8], either primary 
lung tumors or metastatic lesions which have 
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established themselves in this location. They can 
present with distal neurologic symptoms includ- 
ing pain, paresthesias, and weakness if the bra- 
chial plexus is involved, and thrombosis of the 
subclavian vein if that structure is involved. This 
diagnosis is suspected by the presence of a mass 
or opacification of the apex of the chest, and 
computerized tomographic (CT) or magnetic 
resonance (MR) scanning provides optimal 
definition of the extent of the tumor and the 
involvement of neurovascular structures. The 
subclavian vein may thrombose in the face of a 
hypercoagulable condition [9], and the presence 
of a malignancy or previously diagnosed hyerp- 
coagulable condition may suggest the correct 
diagnosis. Ultimately these patients are identified 
by documentation of a normal (unimpinged) sub- 
clavian vein following thrombolysis along with 
thrombophillic factors identified by testing. 
Although data are sparse most agree that there is 
some overlap between “VTOS” and thrombo- 
philia, as a significant number of patients with 
thrombosis at the thoracic outlet may demon- 
strate thrombophillia on testing (see Chap. 58). 

Patients with secondary venous thrombosis 
have a history of instrumentation of the subcla- 
vian vein with venous catheters and/or wires [10], 
including central catheters placed for venous 
access, chemotherapy, TPN, or hemodialysis, or 
temporary or permanent cardiac pacemakers and 
defibrillators. The presence of a catheter or wire 
within the subclavian vein may cause an acute 
DVT. While there may be a coexistence between 
instrumented veins and thoracic outlet compres- 
sion, these patients are managed according to the 
inciting event — the presence of the catheter or 
wire — and only occasionally require thoracic 
outlet decompression. 

The second general class of conditions which 
should be considered as part of the differential 
diagnosis include those entities which produce 
chronic swelling. Included in this group are 
patients with central venous stenosis and AV 
fistulas, lymphedema, Klippel-Trenaunay-Weber 
syndrome (KTS), chronic post phlebitic syn- 
drome, and metabolic causes of limb swelling. 

Central venous stenosis in patients with an 
arteriovenous fistula or graft (AVF/AVG) is one 
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of the most common causes of significant upper 
extremity swelling [11]. The diagnosis should be 
suspected in anyone with a functioning fistula in 
the affected limb, and is confirmed by venogra- 
phy. Such a lesion can be anywhere in the venous 
outflow tract, but if at the costoclavicular junc- 
tion may well be a variant of VTOS (defined as 
most successfully managed by thoracic outlet 
decompression) [12]. 

Lymphedema can be primary or secondary to 
the combination of surgical lymphadenectomy 
and radiation therapy for breast cancer [13]. 
Unlike VTOS, such swelling is not usually accom- 
panied by cyanosis, venous engorgement, or 
venous collateralization, and venography or ultra- 
sonography will not show a venous abnormality. 
Treatment is based on compression therapy with 
use of compression wrapping, manual lymphatic 
drainage, elastic compression garments, and pul- 
satile pneumatic compression sleeves, as indi- 
cated, Klippel-Trenaunay-Weber syndrome is a 
condition which combines venous developmental 
anomalies, classically atresia of the deep system, 
with skeletal growth discrepancies [14]. Typically 
the syndrome includes the presence of port-wine 
skin marking, hemiphypertrophy and limb length 
discrepancy, and anomalies of venous develop- 
ment, and patients present clinically with an 
enlarged limb and varices. Conventional or MR 
venography shows developmental anomalies 
(aplasia, hypoplasia, persistent fetal patterns) of 
the deep venous system. Like lymphedema, use of 
elastic compression is central to the management 
of the affected limb. 

Chronic post phlebitic syndrome secondary 
to a previous primary or secondary thrombosis 
can affect an upper extremity [15], but, as dis- 
cussed above, is classified by many as a form of 
VTOS itself (rather than an item on the differ- 
ential diagnosis list). A history of prior venous 
thrombosis and occlusion is common, although 
the index event could have been missed clini- 
cally. In addition to swelling, pigmentation can 
be present, although ulceration is rare. Swelling 
can include the entire arm and hand, and in severe 
cases patients may be disabled. The diagnosis is 
established by venography with demonstration of 
occlusion of venous egress of the extremity, and 





the differentiation from VTOS (depending on 
terminology) is based on history of catheteriza- 
tion and/or associated diagnoses such as chronic 
renal failure. Consideration should be given to 
thoracic outlet decompression, but initial treat- 
ment in anon-TOS patient is compression sleeve 
garments. Selected patients with severe symp- 
toms may be candidates for venous reconstruc- 
tion (see Chap. 65). 

Finally, rheumatologic disorders such as 
Raynaud’s disease, scleroderma, lupus, dermato- 
myositis, polymyositis, mixed connective tissue 
disorder, cold agglutinin disease, rheumatoid 
arthritis, cryoglobinemia, or nonspecific vasculitis, 
which should all be suspected on the basis of phys- 
ical examination and laboratory testing and 
specifically identified by a rheumatologist. Cell- 
ulitis, allergic reactions, insect bites, and trauma 
should be easy to diagnose. Cervical lymphade- 
nopathy or arterial aneurysms may occasionally 
compromise venous and lymphatic drainage of the 
arm and result in arm swelling. Finally, metabolic 
or global causes of limb swelling such as heart 
failure or myxedema, while systemic, can some- 
times cause asymmetric arm swelling. 























Decision-Making 


Decision-making in a patient with VTOS includes 

several fundamental questions, most of which are 

discussed in more detail in the following chapters: 

¢ What is the role of anticoagulation? 

¢ What is the role of pre-operative thrombolysis? 

e Is this a condition which benefits from 
surgery? 

¢ Should this patient undergo operation or not? 

¢ What operative approach is most effective? 

¢ What elements should the operation consist of? 

e When should angioplasty or stenting be 
considered? 

e¢ When should venous repair be offered? 

e And what post-operative interventions are 
indicated? 

Resolution of these questions is based on 
appreciation of the natural history of VTOS as 
well as the reported results of the various inter- 
ventions. The natural history of VTOS remains 


384 
poorly defined. While some patients will suffer 
recurrent thrombosis, others may not. 


Acute Axillosubclavian Vein 
Thrombosis: The Role 
of Anticoagulation 


The role of anticoagulation as part of the manage- 
ment of acute subclavian vein thrombosis is well 
established. Clinical reports dating to 1948 indicate 
the beneficial effect of anticoagulation in this situa- 
tion [6, 7, 16], although, as discussed below, this is 
in the context of further intervention. The current 
ACC guidelines suggest anticoagulation for acute 
DVT for a period of 3 months, while recurrent 
thrombosis mandates life-long anticoagulation. 

Is anticoagulation alone, however, enough? 
DeWeese described a series of 25 patients man- 
aged with rest and anticoagulation only in the 
1950s and 1960s. Twelve percent of these patients 
developed pulmonary embolization, 18 % had 
persistent intermittent congestive symptoms, and 
68 % had severe disabling persistent symptoms 
[17]. This experience was later (1971) updated 
by Adams, who described 85 % with recurrent 
and persistent symptomatic venous congestion 
and 11 % had recurrent pulmonary emboli [18]. 
Tilney described a series of 48 patients managed 
with anticoagulation who did not undergo surgi- 
cal decompression, and were followed for a mean 
of 6.6 years. They noted that 17 % of patients 
developed recurrent thrombosis and 74 % had 
persistent symptoms [19]. Gloviczki analyzed 95 
patients with axillosubclavian venous occlusion, 
and described permanent symptoms with mild 
exertion in 17 % and symptoms at rest in 12 % of 
their cohort [20]. Finally, Machleder described a 
series of 50 patients who were initially managed 
with anticoagulation and subsequently underwent 
surgery. Of these, 34 % suffered multiple throm- 
botic events prior to proceeding with surgical 
decompression [21]. Noting that we have not yet 
discussed thrombolysis, it is clear that anticoagu- 
lation alone yields dismal outcomes 

The role of anticoagulation in the patient with 
VTOS not associated with acute thrombosis (post- 
phlebitic stenosis, intermittent non-thrombotic 
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compression, and chronic venous occlusion) is 
less well established. While some of these patients 
have suffered a DVT and are presumably at risk of 
recurrent thrombosis or even PE, such patients do 
not have symptoms which would suggest ongoing 
acute thrombosis or clot extension, and current 
guidelines do not suggest such patients require 
anticoagulation unless there is evidence to sug- 
gest a recurrent acute thrombus. 


Acute Axillosubclavian Vein 
Thrombosis: The Role of Thrombolysis 


If anticoagulation alone is associated with such 
poor outcomes, can we offer the patient anything 
better? Thrombolysis in the management of acute 
presentations of VTOS has been shown to be a 
significant advancement over standard anticoagu- 
lation therapy. Early reports identified the benefits 
of thrombolysis: rapid resolution of symptoms, the 
ability to identify the cause of thrombosis, the abil- 
ity to salvage venous patency, and, when combined 
with proper decompression of the thoracic outlet, 
superb symptom-free long-term results [22]. Most 
authors and clinicians agree that patients present- 
ing with a recent (within 2-4 weeks) acute DVT 
should be offered thrombolysis. Unfortunately this 
is not universally appreciated and a significant 
number of patients are still (2011) managed with 
anticoagulation alone. 

The role of thrombolysis in patients who pres- 
ent in a subacute or chronic fashion is poorly 
defined. Some authors advise a trial of thrombol- 
ysis in all patients regardless of the time interval 
from the acute thrombosis [23], while others feel 
there is no benefit in this [24]. 


Ultimately, Is VTOS a Surgical Disease, 
and Will Patients Benefit from Surgical 
Decompression? 


Anticoagulation alone leaves patients with 
significant long-term morbidity, and while throm- 
bolysis can dissolve fresh thrombus, ultimately 
this conditions is caused by extrinsic compression 
by the bones and muscles making up the venous 
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(anterior) thoracic outlet. While alternative view- 
points exist (see Chap. 71) and certainly level 1 
evidence does not, virtually all clinicians and 
authors agree that relief of the extrinsic compres- 
sion — by surgical decompression of this area — is 
required for long-term “cure” of this condition, at 
least in patients in whom axillosubclavian patency 
can be reestablished. 

As in all of surgery, however, the decision as to 
whether to chose surgical decompression or non- 
operative management in individual cases may 
relate to patient selection issues. The age of the 
patient, level of activity, occupation, presence of 
co-morbid conditions, and stamina all bear 
directly upon the decision of whether or not to 
proceed with surgery. It is clear that elderly, debil- 
itated and chronically ill patients are poor candi- 
dates for surgery and probably should not be 
offered surgical decompression, but these patients 
seldom develop VTOS. The more important ques- 
tion is whether young, active, healthy persons 
should undergo decompression or not. While the 
non-operative approach may succeed in sedentary 
patients, it is less likely to be as successful in 
young active individuals, most frequently affected 
by venous TOS — because of their increased activ- 
ity, these patients are more likely to remain symp- 
tomatic and ultimately require decompression. 

The decision to proceed with surgery is the 
result of balancing the morbidity and success of 
an operation against the natural history of the dis- 
ease process. Morbidity relates to the removal of 
the first rib: pain, bleeding, nerve injury, and the 
attendant period of disability which is required 
during recovery from surgery, but long-term suc- 
cess rates are superb (see Chap. 67). The natural 
history of the nondecompressed venous thoracic 
outlet seems to be that of recurrent thrombosis, 
pulmonary embolization, and __post-phlebitic 
symptoms in the extremity. Because not all 
patients treated conservatively have poor out- 
comes, Lee and colleagues have suggested a 
selective surgical treatment algorithm. In a 2000 
publication they described an algorithm whereby 
all patients underwent thrombolysis (and were 
anticoagulated), but only those who had persistent 
congestive symptoms or re-thrombosis were oper- 
ated upon. They found that 9 of 22 patients (41 %) 


did not require surgery during the study period 
(average follow up of 22 post-lysis) [25]. A later 
publication with an increased number of patients 
(total of 64), observed that after a mean follow up 
period of 51 months that 27 patients (42 %) did 
not require surgical decompression. They noted 
that younger, more active patients tended to 
develop recurrent symptoms or thrombosis when 
managed in an expectant manner, and that these 
younger patients were more likely to require sur- 
gery [26]. 


Should Thoracic Outlet Decompression 
be Performed in Patients with Chronic 
or Persistent Venous Occlusion? 


While the rationale for surgical decompression in 
those instances where the subclavian vein is 
impinged upon yet remains patent (or has been 
recanalized) is evident, the same may not be true 
for those patients with persistently or chronically 
occluded veins. Despite this, many feel that 
decompression is indicated even in this situation 
(see Chap. 56). One rationale for this is to allow 
improved venous collateralization. In addition, 
come “occlusions” are the result of severe, fixed 
compression and do not reflect obliteration of the 
venous lumen, and removal this extrinsic com- 
pression allows the vein to open. A final reason 
for decompressing even chronically thrombosed 
and occluded veins is that some of these may 
recanalize and re-open following a prolonged 
period of anticoagulation [27]. 

A related issue is that of indications for surgery 
in cases where the subclavian vein is compressed 
but has not suffered thrombosis. Many such patients 
present with intermittent congestive symptoms, 
and venography, while often normal at rest, shows 
compression of the subclavian vein and newly 
filling collaterals with the arm in abduction. Surgery 
in these instances is planned with the intention of 
relieving congestive symptoms related to the inter- 
mittent compression. It is important to recognize 
that these indications are fundamentally different 
from operating to prevent recurrent thrombosis; 
this is a prophylactic operation to forestall the 
development of subclavian thrombosis. 
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What Approach Is Best? 


The choice of which surgical approach is to be 
used for VTOS is greatly dependent on the surgi- 
cal goals, and in choosing one over another it is 
worth keeping in mind the relative strengths and 
limitations of each option (See Chap. 73). 

The transaxillary approach allows complete 
resection of the first rib from the costochondral 
junction to the articulation with the vertebral 
body’s transverse process [28, 29]. The approach 
offers access to both the anterior scalene and 
subclavius muscles, although only the lower 
2 cm or so of the anterior scalene can be resected, 
but exposure to the medial portion of the vein is 
difficult. The net effect is that transaxillary 
approach offers excellent ability to remove the 
compressive elements, but does not allow open 
surgical manipulation or reconstruction of the 
subclavian vein. The supraclavicular approach, 
by contrast, offers partial exposure of the subcla- 
vian vein (the medial portion is visible although 
partially obstructed by the clavicle) [30, 31]. The 
anterior scalene is readily exposed and may be 
resected entirely, but the anterior portion of the 
first rib and subclavius muscles are both 
obstructed by the clavicle and cannot be removed 
by this approach. For this reason the supraclavic- 
ular approach has been modified to become a 
“‘paraclavicular’ appraoach, adding an_infra- 
clavicular incision for exposure of the distal sub- 
clavian vein, the subclavius tendon, and the 
anterior portion of the first rib. This approach 
also allows open surgical repair of the subcla- 
vian vein, patch angioplasty and venous recon- 
struction. Finally, while not as commonly 
performed, claviculectomy provides excellent 
exposure of the subclavian vein, resection of the 
subclavius tendon and the anterior scalene mus- 
cle [32, 33]. The main limitation of this approach 
is the cosmetic deformity resultant from the 
resection of the clavicle. Additionally some 
patients will develop chronic pain resultant from 
the clavicular resection. In patients who need to 
carry objects over their shoulder (backpacks, 
straps, etc.), or who require vigorous use of the 
extremity, clavicular resection may not be ideal. 
Athletes should not undergo claviculectomy if 
they anticipate further competition. 
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What Are the Goals of Surgery? 


The fundamental goal in patients with VTOS is 
to decompress the thoracic outlet and thereby 
relieve the persistent extrinsic compression of the 
subclavian vein. This requires excision of the first 
rib, but also partial resection of the subclavius 
and anterior scalene muscles [34]. Of importance 
is adequate resection of essentially the entire first 
rib, especially the anterior portion. This is the 
point where the subclavius and anterior scalene 
muscles insert and this is the fulcrum which 
effects the compression of the subclavian vein. 
As noted above, the chief limitation of the supra- 
clavicular approach is inability to address the 
costoclavicular junction itself, and for this reason 
a paraclavicular incision must be added in patients 
with VTOS. 


What are the Roles of Reconstruction, 
Venoplasty, Ballon Angioplasty, 
and Stenting? 


The question of whether and how to perform 
open endophlebectomy or more complex recon- 
struction of the subclavian vein remains the sub- 
ject of ongoing review. Molina has been the most 
avid proponent of reconstruction using endophle- 
becomty and patch angioplasty of the subclavian 
vein. He reported a series of 114 patients, 85 of 
whom underwent endophlebectomy with patch 
angioplasty, 12 of whom extended patch angio- 
plasty with sternotomy, and 12 of whom were 
deemed inoperable due to chronic occlusion. The 
overall results were excellent with only one late 
occlusion in the 102 operated patients [23, 35]. 
Melby and associates, reported their preferred 
use of venous graft reconstruction of the subcla- 
vian vein in 2008. They analyzed 32 competitive 
athletes who presented with subclavian vein 
thrombosis. Of these, 14 underwent direct axillo- 
subclavian vein reconstruction (44 %) with a 
combination of techniques including panel graft 
bypass (eight patients), saphenous vein interposi- 
tion (three patients) and patch angioplasty (three 
patients); all patients were able to resume athletic 
competition [36]. It should be noted that there is 
no randomized or level | evidence in this area, 
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accordingly the guidelines for reconstruction or 
open venoplasty remain subjective. 

The indications for intraoperative angioplasty 
or stenting is also poorly defined. There appears 
to be considerable institutional variance as to 
these practices: some authors seeming to advo- 
cate routine use of these techniques in all cases, 
and others not using them. Peri-operative angio- 
plasty and stenting was described by Kreienberg 
in 2001. He reported a series of 23 patients who 
underwent preoperative thrombolysis and surgi- 
cal decompression, followed by venoraphy. All 
23 (100 %) of their patients underwent balloon 
angioplasty and 14 (61 %) required placement of 
a stent. Of the nine patients who underwent PTA 
only, all were patent at post-op follow up. Of the 
14 patients who underwent PTA/stenting, 5 
(35 %) were occluded on follow up exam [37]. 

Schneider routinely obtains intra-operative 
post-decompression imaging, and if a residual 
significant stenosis is present then angioplasty 
and stenting is performed. In their experience 
64 % of patients required intra-operative inter- 
vention, and on follow up ultrasound exam only 
two patients (8 %) had subsequent thomrbosis 
[38]. Finally, the role of stenting in the postopera- 
tive patient remains unclear. While many advo- 
cate stenting on a routine basis [37], others have 
found stenting to be unnecessary and possibly 
counterproductive [22, 35, 38]. 

It is important to note the distinction between 
post-operative use of stenting (as discussed here) 
and stenting in the non-decompressed arm. 
Stenting in the non-decompressed thoracic outlet 
does not work: it is very poorly tolerated and 
should be condemned. 


What Is the Role of Postoperative 
Imaging and Late Intervention? 


There is a broad consensus that patients who are 
operated with the intention of achieving patency 
of their subclavian veins should undergo post- 
operative imaging with the consideration of 
repeat thrombolysis or endovascular intervention, 
should either be needed. Reviews of post- 
operative venograms indicate that about 30-45 % 
of patients will have residual stenosis which may 


require angioplasty [39]. In addition, as many as 
15 % of patients have been reported to have expe- 
rienced interval occlusion in previously patent 
subclavian veins following decompression for 
acute subclavian vein thrombosis [39]. 


Pathways of Care 


It is apparent that patients with VTOS can present 
in many different ways and that the timing of pre- 
sentation and severity of symptoms can differ 
significantly. In our opinion, treatment of patients 
with VTOS can best be conceptualized by consid- 
ering the four major ways in which patients can 
present: those with acute axillosubclavian throm- 
bosis, those with postphlebitic venous stenosis, 
those with intermittent venous compression, and 
those with chronic occlusion. The following pro- 
tocols generally describe the algorithms followed 
by the plurality of surgeons, but it is again stressed 
that very little level 1 evidence exists regarding 
what is truly best for such patients (Fig. 55.5). 


Acute Axillosubclavian Thrombosis 
Patients presenting with acute subclavian vein 


DVT are best managed with anticoagulation and 
early thrombolysis. Anticoagulation prevents clot 








| Congestive symptoms 











Acute Chronic 


Thrombolysis 
Anticoagulation 



































Surgery 











Y 
Post-Decompression Imaging 














Y 
Angioplasty 
reconstruction 














Fig. 55.5 Diagramatic 
algorithms 


representation of treatment 


388 

propagation, while thrombolysis allows rapid 
resolution of symptoms and definition of the 
cause of the thrombosis. Venous TOS is then 
confirmed when a point of extrinsic compression 
is identified at the thoracic outlet (with abduction 
films, if venography is normal at rest). In young 
active patients with confirmed VTOS, surgical 
decompression is most often advised, while in 
certain elderly or infirm patents expectant care 
with anticoagulation for a period of 3 months fol- 
lowed by observation may be appropriate. Active 
patients undergo decompression by means of first 
rib resection, subclavius muscle resection, and 
external venolysis, most effectively via a transax- 
illary approach if venous reconstruction is not 
required, and surgery should be performed 
“immediately” (i.e., during the same hospitaliza- 
tion). The use of adjunctive techniques such as 
venoplasty or venous reconstruction at the time 
of surgery depends on the findings of preopera- 
tive or intraoperative imaging, and the surgical 
approach is modified if reconstruction is felt to be 
needed. The use immediate post-decompression 
venography is advised as a significant number of 
patients will have residual stenosis which require 
treatment. Angiopalsty in these instances is rec- 
ommended for significant (greater than 50 %) 
stenosis of the subclavian vein, but the role of 
stenting remains the subject of debate. 


Post-phlebitic Stenosis 


The finding of post phlebitic stneosis indicates that 
the thrombotic condition has been present and has 
partially resolved with anticoagulation and time. 
Such patients have chronic clot and/or fibrotic 
stenoses, and the use of anticoagulation in this 
context is thus based on the individual case consid- 
ering the risks of anticoagulation versus recurrent 
thrombosis. Thrombolysis would not seem to be 
of benefit, but exception should obviously be made 
when the clinical situation suggest an acute change, 
even when chronic venous symptoms have been 
present. Surgical decompression is required, and 
the role of adjunctive measures such as venoplasty, 
reconstruction, or balloon angioplasty is critical. 
Post-operative venography and angiopaslty are 
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required in this group as there is a significant like- 
lihood of residual stenosis of the subclavian vein. 


Intermittent Non-Thrombotic 
Compression 


Non-thrombotic venous compression usually 
requires no anticoagulation or lysis, as the vein 
is, by definition, normal. Surgical decompression 
is essential component of care. In the absence of 
thombosis the subclavian vein is less likely to 
require venous reconstruction or venoplasty, but 
post decompression imaging is required to assess 
the possible need of intervention and to verify an 
intrinsically normal vein. 


Chronic Occlusion 


Most feel that patients with chronic venous occlu- 
sion will still benefit from surgical decompres- 
sion. Whether or not an attempt at thrombolysis 
should be made is unresolved; some find no suc- 
cess beyond a few weeks’ worth of symptoms 
while others advocated aggressive attempts at 
recanalization. Stents in this situation should, 
however, never be used. Whether to proceed with 
venous reconstruction at the time of decompres- 
sion remains a point of debate. Experience sug- 
gests that not all patients require venous 
reconstruction, as many will experience symp- 
tomatic improvement following decompression 
or even recanalize. If recanalization or collateral- 
ization do not occur after a given period of time, 
venous reconstruction may be indicated, espe- 
cially if the patients is highly symptomatic. 





Conclusion 

The management of patients with VTOS 
should be predicated on a thorough under- 
standing of the pathology, presentation, and 
interventions which are applicable to each 
group. Treatment should be based on the best 
available data regarding outcomes for a given 
patient group. Ultimately the decision to pro- 
ceed with a given course of intervention is 
based on assessing the risks and benefits of the 
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care options. When the decision is made not to 
offer surgical decompression, it may expose a 
patient to risks of recurrent DVT, pulmonary 
embolization and chronic post-phlebitic syn- 
drome. Thus a ‘conservative’ or non interven- 
tional decision may by itself present significant 
risk. Interventions themselves, however, obvi- 
ously carry inherent risks, which may occur 
even when best care is offered. 

When the fundamental pathology involves 
compression of the subclavian vein at the tho- 
racic outlet, relief of the compression is 
essential to the goal of restoring normal 
venous function. Accordingly first rib resec- 
tion is most often the treatment of choice, no 
matter what other interventions are per- 
formed. In the absence of rib resection, the 
risk of recurrent thrombosis, post phlebitic 
syndrome and pulmonary embolization 
remains significant. Given the high efficacy, 
low morbidity and low mortality of this pro- 
cedure, surgical intervention is most often the 
best choice for care. 
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Presents Late After Thrombosis 
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Abstract 
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Diagnosis of venous thoracic outlet syndrome can be delayed for many 
reasons or treatment of this condition can fail, all of which can lead to 
chronic occlusion of the subclavian vein. Treatment of these patients cen- 
ters on surgical decompression of the thoracic outlet and limited post- 
operative percutaneous venous interventions. Stenting of the subclavian 
vein prior to surgical decompression or as a stand-alone treatment is 
contra-indicated. Late recanalization of the vein has been reported in some 


cases. 


Prevalence 


Venous thoracic outlet syndrome (Paget- 
Schroetter syndrome or effort thrombosis) com- 
prises only 5 % of all cases of thoracic outlet 
syndrome. It is estimated that between one [1] 
and two [2] patients per 100,000 of popula- 
tion per year experience this syndrome. The 
natural history of this disorder is progression to 
chronic thrombosis with significant disability [3]. 
Anticoagulation improves outcomes when com- 
pared to the natural history of this disorder, but 
many patients still have chronic thrombus and 
experience residual symptoms [4, 5]. 

A variety of interventions have been devel- 
oped and implemented with success, largely 
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preventing late thrombosis and _ alleviating 
chronic disability. However, some patients do 
not seek treatment until after a significant time 
interval has elapsed. Some patients present 
when they first have symptoms but the diagnosis 
is not made in a timely fashion. Other patients 
do undergo timely treatment, but the treatment 
fails to resolve the thrombus or the clot resolves 
but then recurs later. These patients comprise 
a group of patients with venous thoracic outlet 
most at risk currently for long-term disability, 
so devoting separate consideration to their treat- 
ment is important. 


Definition 


There is no standard length of time that deter- 
mines an axillo-subclavian vein occlusion as 
acute verses chronic. Many authors support 
“early” treatment, which means hospitalization 
and intervention at first presentation [6-8]. 
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“Chronic” thrombosis, by contrast, was defined 
in one series as patients presenting for treatment 
at a mean of 22 weeks after diagnosis [9]. 
Somewhere between first presentation and 
22 weeks later is an arbitrary line defining these 
two entities. Illig and Doyle define the distinction 
between acute and chronic thrombus at 2 weeks 
after initial symptoms due to the likelihood of 
success of attempted thrombolysis [1]. In addi- 
tion, patients with recurrent venous occlusions 
can present as a result of failure of a variety of 
interventions including thoracic outlet decom- 
pressive surgery, venous thrombolysis with or 
without stenting, anticoagulation, or a combina- 
tion of these interventions [10-14]. 


Acute Thrombus Management 


In the ideal setting a patient will present very 
soon (hours to days) following thrombosis. 
Assuming the proper diagnosis has been made, 
the standard of care has evolved to be prelimi- 
nary catheter-directed thrombolysis followed by 
decompression of the venous thoracic outlet 
after the clot has been lysed. This pathway has 
been determined without the benefit of any type 
of randomized controlled clinical trial (see 
Chap. 83). Differences of opinion exist as to 
timing of decompression and management of 
residual defects, but this general algorithm is 
the most commonly used. Thoracic outlet 
decompression in this situation is designed to 
keep an open vein open — i.e. to prevent recur- 
rent thrombosis in a vein where patency has 
been restored. Many patients, for the reasons 
cited above, however, will have continued occlu- 
sion of the subclavian vein despite all efforts at 
recanalization. 





Chronic Thrombus Management 


Most authors agree that the primary factor in 
venous thoracic outlet syndrome is mechanical 
compression of the subclavian vein at the anterior 
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aspect of the thoracic outlet where the vein 
passes posterior to the subclavius muscle and 
tendon and anterior to the anterior scalene mus- 
cle. This premise is true for both acute and 
chronic presentations of this disease. Therefore, 
it is important to focus on correcting this prob- 
lem first, and not correcting the actual venous 
occlusion primarily. If the venous lesion can be 
traversed with a wire (but not otherwise cor- 
rected), it is tempting to try to “force” the vein 
open with a stent. This should be avoided 
because stenting prior to surgical thoracic out- 
let decompression has been found to be related 
to higher rates of venous occlusion in multiple 
series [10, 15]. The problem is extrinsic com- 
pression by relatively fixed bony structures, 
coupled with a very strong lever arm with 
movement of the arm. No stent can withstand 
these forces, and stent fragmentation, common 
in this situation, makes a bad situation even 
worse. Several studies suggest that even suc- 
cessful preoperative thrombolysis may not 
improve long-term subclavian venous patency 
and relief of symptoms in patients with “sub- 
acute” and “chronic” occlusions [14, 16]. 

















Hopkins Protocol 


A protocol has been developed at Johns Hopkins 
Hospital by Freischlag and associates that dem- 
onstrates this understanding of venous thoracic 
outlet syndrome pathophysiology. Patients that 
present late with subclavian vein thrombosis 
caused by thoracic outlet syndrome are first given 
injectable anticoagulation followed by oral war- 
farin. They are evaluated as outpatients by his- 
tory, physical exam, and duplex ultrasound. 
Trans-axillary first rib resection is performed 
within weeks of evaluation. Two weeks after sur- 
gery, diagnostic venogram is performed which is 
accompanied by venoplasty, if indicated and 
technically feasible. If the vein remains occluded, 
or if it is patent and a percutaneous procedure is 
performed, oral anticoagulation is continued for 
3 months. If the vein is patent and requires no 
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intervention during the venogram, anticoagula- 
tion is discontinued. Physical therapy is begun 
2 weeks after surgery, and is continued for 
6-8 weeks. Recent data suggest that chronic 
venous occlusions that are resistant to postopera- 
tive percutaneous intervention may actually 
recanalize months to years following surgical 
decompression [9]. Follow-up imaging of the 
subclavian veins is obtained with venous duplex 
ultrasound. 

These results support the hypothesis that 
decompression of the thoracic outlet is the 
critical step in treating chronic venous tho- 
racic outlet syndrome, but does not provide 
specific clues about why this is true from a 
pathophysiologic standpoint. Potential theo- 
ries include the interruption of chronic trauma 
to the subclavian vein, allowing it to recana- 
lize. Another potential benefit of thoracic out- 
let decompression is to improve flow in 
collateral veins, which improves the venous 
hemodynamics of the upper extremity. Another 
factor could be the effect of anticoagulation. 
While not likely to change outcomes in isola- 
tion, anticoagulation in combination with 
surgical decompression may tip native anti- 
thrombotic processes enough to recanalize the 
vein in the long-term. 





Imaging Techniques 


Venography is the gold standard to demonstrate 
patency or occlusion of the subclavian vein. 
Duplex ultrasonography may not adequately dif- 
ferentiate between a recanalized subclavian vein 
and a large collateral vein adjacent to an occluded 
subclavian vein. However, in patients who are 
asymptomatic weeks to months after thoracic 
outlet decompression and venography, justifying 
an invasive procedure to make this differentiation 
is unfounded because it will not alter future treat- 
ment. In addition, serial duplex ultrasonography 
performed by technologists experienced with 
thoracic outlet syndrome diminishes the likeli- 
hood of inaccurate interpretation due to the ability 





to compare serial ultrasound images and venog- 
raphy images to prevent misidentification of a 
collateral vein. 


Other Scenarios 





Patients with recurrent thrombosis may have had 
subtotal thoracic outlet decompression, and thus 
require repeat surgery [17]. This can be per- 
formed safely and requires exhaustive attention 
to the adequacy of first rib resection. Patients 
who continue to be symptomatic and have con- 
tinued subclavian vein occlusion following com- 
plete thoracic outlet decompression and 
postoperative venoplastymay be candidates for 
venous reconstruction. This can be performed 
with saphenous vein bypass or jugular venous 
turndown. These procedures typically require 
incisions above and below the clavicle and may 
even require partial claviculectomy. There is little 
data regarding these procedures mostly because 
the number of patients requiring this eventual 
intervention is quite low (see Chap. 65). 


Outcomes 


Many patients with chronic occlusion of the 
subclavian vein return to their baseline func- 
tional status, without major symptoms. The pat- 
ency rates for the involved subclavian vein are 
slightly worse than the rate of patients who are 
symptom free in most series [4, 17, 18], imply- 
ing that vein patency should always be the ulti- 
mate goal of treatment. Extensive collateral 
venous networks frequently develop around a 
subclavian vein thrombosis (see Fig. 56.1). 
These collaterals protect the patient from symp- 
toms of upper extremity venous hypertension 
even if the subclavian vein remains occluded. 
When considering further invasive treatment 
for an occluded subclavian vein, the presence 
of venous collaterals and the potential for dam- 
aging them with further interventions needs to 
be carefully considered. 
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Fig. 
subclavian vein with 
extensive collateral veins 


56.1 Occluded right 
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Kaj H. Johansen and Karl A. Illig 


Abstract 

Thoracic outlet decompression (generally by first rib resection) and, if 
necessary, subclavian venous reconstruction is commonly recommended 
for patients with venous TOS presenting as spontaneous subclavian vein 
thrombosis (effort thrombosis, Paget-Schroetter syndrome, or axillosub- 
clavian vein thrombosis; ASVT). This recommendation arises from a 
widely-perceived risk of incapacitating symptoms of post-thrombotic syn- 
drome in patients not so treated. Certain contemporary data, however, sug- 
gest that such patients, if treated with venous thrombolysis, balloon 
angioplasty of subclavian venous stenoses, and 3-6 months of anticoagu- 
lation without first rib resection may fare just as well as patients undergo- 
ing aggressive surgical reconstruction. Nonoperative, observational 
management may be a reasonable alternative to aggressive surgical inter- 
vention for subclavian venous thrombosis. 


Introduction 


Venous thoracic outlet syndrome (VTOS) refers 
to the condition arising from problems with the 
subclavian vein at the costoclavicular junction. 
VTOS can be associated with episodic obstruc- 
tion to flow or frank subclavian deep venous 
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thrombosis (DVT), best referred to as axillosub- 
clavian vein thrombosis (AS VT): such thrombo- 
sis, in turn, can be either secondary to the presence 
of various foreign bodies (pacemaker leads or 
indwelling catheters, for example) or primary. It 
is widely held that the chronic post-thrombotic 
consequences of primary subclavian vein occlu- 
sion are frequent, predictable, and morbid, so that 
after initial venography and thrombolysis, tho- 
racic outlet decompression (with or without sub- 
clavian venous reconstruction) should be 
performed. This has become so much of an estab- 
lished “fact” that debate currently revolves not 
around the necessity for surgical intervention for 
subclavian venous thrombosis but rather its tim- 
ing — whether a certain period of time should be 
allowed to pass before operating or, alternatively, 
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whether immediate surgical 
should be performed [1]. 

It is obligatory, however, that the choice of 
therapy for a particular disease state be based on 
a clear understanding of the natural history of 
that condition. It is vital from the decision-mak- 
ing perspective of both the patient and the physi- 
cian that the relative risks and benefits of all 
therapeutic options — both operative and non-op- 
erative — be understood. Preferably such data 
would be derived from contemporary prospective 
randomized trials of various alternative treat- 
ments or, even better, meta-analyses of such 
reports. Large multicenter trials can be of use, 
and even single-center experiences have a role to 
play. What data underlie our current understand- 
ing of the natural history of subclavian DVT? 


decompression 


Historical Data 


Reports regarding subclavian venous thrombosis 
have been published since the 1940s. Starting in 
the late 1960s a series of single-center reports 
suggested that 40-90 % of individuals who have 
suffered an episode of subclavian venous throm- 
bosis would experience subsequent disabling 
upper extremity post-thrombotic symptoms 
(Table 57.1) [2-5]. These data, reflecting those 
for the development of symptoms of post-throm- 
botic syndrome following lower extremity DVT, 
influenced the decision-making of the current 
generation of senior vascular surgeons and led 
directly to the current aggressive surgical 
approach recommended by most in the manage- 
ment of primary subclavian venous thrombosis. 
That a substantial proportion — 80 % of primary 
subclavian venous thrombosis patients treated by 
first rib resection and, if necessary, venous recon- 
struction — appear to do well after surgical recon- 
struction is seen as a confirmation of this approach 
(Table 57.2) [1, 6-10]. 


Contemporary Natural History Data 
The initial approach to a patient with acute 


ASVT currently includes immediate anticoagula- 
tion followed by upper extremity venography, 
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Table 57.1 Historical data regarding natural history of 
primary subclavian DVT 


Significant PTS symptoms (%) 
Swinton et al. [2] 91 
Tilney et al. [3] 74 
Donayre et al. [4] 47 
Gloviczki et al. [5] 40 


VTOS venous thoracic outlet syndrome, PTS post- 
thrombotic syndrome 


Table 57.2 Results of aggressive operative intervention 
for primary ASVT 


Persistent or recurrent 
PTS symptoms (%) 


Machleder [6] 7 
Lee et al. [7] 11 
Urschel and Razzuk [8] 0 
Schneider et al. [9] 8 
Doyle et al. [10] 5 
Molina et al. [11] 0 
Stone et al. [12] 14 
Guzzo et al. [13] 9 


Table 57.3 Recent reports on the natural history of pri- 
mary ASVT managed by thrombolysis (occasionally with 
venous angioplasty) and anticoagulation 


Persistent or recurrent 
PTS symptoms (%) 


Heron et al. [14] 13 
Sabeti et al. [15] 10 
Martinelli et al. [16] 10 
Elman and Kahn [17] 15 
Sajid et al. [18] 17 
Lechner et al. [19] 4 


catheter-directed thrombolysis and, some would 
advocate, subclavian venous angioplasty. It 
should be noted, however, that the concept of, 
and techniques to carry out, catheter-directed 
thrombolysis and angioplasty were only intro- 
duced in the 1980s and were not part of the man- 
agement of any of the historical series (some of 
which did not even systematically include antico- 
agulation) noted in Table 57.1. 

Over the past 15 years several reports and 
reviews of patients treated by anticoagulation, 
venous thrombolysis and (where appropriate) 
subclavian venous angioplasty but without oper- 
intervention, have been published 
(Table 57.3) — four observational single-center 
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Table 57.4 Recent surgical reports on the natural history 
of primary ASVT treated by endovascular means and anti- 
coagulation but withholding operation 


Persistent or recurrent 
PTS symptoms (%) 


Hingorani et al. [20] 6 
Lee et al. [21] 13 
Lokanathan et al. [22] 10 
Johansen 8 


studies [14-16, 19] and two meta-analyses 
[17, 18]. These studies show that a large majority 
of such patients are either asymptomatic or only 
minimally hampered by post-thrombotic symp- 
toms in the affected upper extremity at the time 
of follow-up. More recently several studies from 
a variety of surgical centers [20—22] have also 
suggested that the likelihood of chronic post 
thrombotic symptomatology in subclavian DVT 
patients who have not undergone surgical inter- 
vention is actually quite low (Table 57.4). Among 
50 consecutive patients with subclavian vein 
thrombosis followed for 1-12 years (mean 
4.7 years) after transcatheter thrombolysis, sub- 
clavian venous angioplasty and 3 months of oral 
anticoagulation, 92 % had no or minimal upper 
extremity post-thrombotic symptoms (Johansen, 
unpublished data). 

Such results fuel skepticism about the neces- 
sity to carry out routine thoracic outlet decom- 
pression and venous reconstruction for acute 
subclavian DVT. A Spanish study [23] demon- 
strated that, in contradistinction to patients with 
neurogenic TOS (in whom pain and disability 
scores were initially substantially abnormal and 
were significantly improved following thoracic 
outlet decompression), patients with venous TOS 
had minimal symptomatology preoperatively 
and were unimproved by operation (Table 57.5). 
Observational studies of patients with second- 
ary subclavian vein thrombosis (most commonly 
caused by the presence of a chronic catheters or 
pacemaker wires) reveal that virtually none have 
any significant ipsilateral upper extremity post- 
thrombotic symptoms. 

Perhaps most persuasive for vascular special- 
ists should be the observation of what happens 
with hemodialysis patients presenting with arm 
swelling due to an occluded subclavian vein cen- 
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Table 57.5 Cordobes-Gual and colleagues [23] reported 
a series of patients operated upon for neurogenic or venous 
TOS and assessed pre- and post-operatively using a vali- 
dated functional tool (Disabilities of the Arm, Shoulder 
and Hand, DASH) (American Academy of Orthopedic 
Surgeons, 1996): 


DASH DASH 

pre-op post-op p-value 
Neurogenic TOS 54.0 17.8 0.01 
Venous TOS 14.9 14.8 NSS 


Reprinted from Cordobes-Gual et al. [23]. With permission 
from Elsevier 
NSS not statistically significant 


tral to a patent ipsilateral arteriovenous fistula or 
graft. One alternative is to salvage the fistula or 
graft by carrying out a first rib resection and sub- 
clavian venoplasty [24]. Alternatively, however, 
such patients’ ipsilateral upper extremity congestive 
symptoms — which may be extreme — predictably 
also disappear with dismantling of the offending 
arteriovenous anastomosis. Vascular surgeons 
almost never see persistent arm swelling follow- 
ing AV fistula/graft ligation in ESRD patients 
with chronically-occluded central veins. 

It is not completely straightforward to under- 
stand how clinicians’ assessment of the apparent 
natural history of upper extremity venous thrombo- 
sis could have changed so markedly over the course 
of the past 50 years. A review of what is known 
about how the body responds to venous thrombosis 
(and its treatment), and how this pathophysiologic 
response differs between the upper and the lower 
extremities [19], may help clarify this question. 





The Physiologic Consequences 
of Subclavian DVT and Its Treatment 


Several stereotypical responses at the tissue and 
vessel level result are operative when venous 
thrombosis occurs. Venous collaterals develop, 
likely as a consequence both of the increased 
venous pressure gradient across the vascular 
occlusion, as well as (hypothetically) an alteration 
in vasculogenic factors arising from diminished 
pH or altered tissue metabolism resulting from the 
venous occlusion. Anticoagulation prevents prop- 
agation or extension of the venous thrombosis and 
prevents branch or tributary vessel thrombosis. 
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Exogenous thrombolysis, either systemically or 
by catheter-directed administration, partially or 
completely recanalizes the main venous channel, 
thereby increasing flow and diminishing flow 
through venous collaterals. With time, clot burden 
diminishes in size and partial or complete vein 
recanalization may occur. Exercise may have 
beneficial effects on the occluding venous throm- 
bus, both by augmenting endogenous thromboly- 
sis as well as by stimulating venous collateral 
formation. 

A failure to clear a venous thrombosis com- 
pletely results in the possibility that post-throm- 
botic changes will occur in the affected extremity. 
In the veins of the lower extremity, post-throm- 
botic syndrome occurs in at least a third of 
patients who have suffered an iliofemoral venous 
thrombosis. Such patients’ symptoms arise con- 
sequent to both deep venous occlusion as well as 
venous valvular incompetence, but also crucially 
revolve around the substantial blood volume 
within the limb, the effects of gravity over the 
length of the limb as well as the extent of the 
venous thrombosis within it (it is an anatomic 
truism that the ability of venous collaterals to 
decompress a limb will be in inverse proportion 
to the length of the venous thrombosis itself). 

In the upper extremity, on the other hand, limb 
blood volume is a small fraction of that within the 
lower extremity, gravity plays little or no role in 
sequestering blood in the extremity, venous val- 
vular function is functionally irrelevant and the 
length of the subclavian venous thrombosis which 
must be “bypassed” by venous collateral develop- 
ment is very short — often only a few centimeters 
in length. For all these reasons the pathophysiol- 
ogy of the post-thrombotic syndrome which 
occurs following lower extremity venous throm- 
bosis has little relevance to that which occurs fol- 
lowing upper extremity venous thrombosis [19]. 





Comment 


On historical grounds subclavian vein thrombo- 
sis has been thought to have a morbid and 
disabling natural history, a conclusion that has 
led to a widespread posture among specialists in 
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the field that thoracic outlet decompression (at 
the least) and axillosubclavian venous recon- 
struction (if necessary) is obligatory in the man- 
agement of this condition. Indeed, if contemporary 
patients continued to suffer the 40-90 % inci- 
dence of chronic or recurrent swelling, pain and 
limitation of motion documented in the earlier 
literature, such a conclusion would be entirely 
warranted. 

However, more recent data appear to suggest 
that anticoagulation, thrombolysis, and subcla- 
vian venous angioplasty without routine subse- 
quent operative intervention may result in 
long-term outcomes that are equivalent to those 
achieved when traditional thoracic outlet decom- 
pression is performed. Indeed, a comparison of 
several large series of subclavian DVT patients 
managed by observational, non-operative means 
(Tables 57.3 and 57.4) shows functional out- 
comes which are essentially equivalent to those 
of recent series of patients undergoing aggressive 
thoracic decompression and/or venous recon- 
struction (Table 57.2) — without the uncommon 
but occasionally severe complications that may 
accompany operative thoracic outlet decompres- 
sion [25, 26]. 

It is possible that there exists a subset 
of patients — elite upper-extremity athletes, 
for example, or the young and vigorous — in 
whom thoracic outlet decompression (and/or 
venous reconstruction) is advantageous [27]. 
Unfortunately, no persuasive head-to-head 
comparative data are available to clarify this 
point. Instead, a sober analysis of available data 
invites the conclusion that the excellent results 
of thoracic outlet decompression and/or venous 
reconstruction reported by advocates of such 
an aggressive surgical approach (Table 57.2) 
may have less to do with the surgical technique 
employed and more to do with the fact that the 
underlying condition has an intrinsically benign 
outcome (Tables 57.3 and 57.4). 








Conclusion 
At the least, data presented in this Chapter 
suggest the non-inferiority of an initial 
observational, non-operative approach to 
subclavian DVT, and that a selective, rather 
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than routine, surgical intervention in patients 
with subclavian DVT should be considered. 
Operating during the initial hospitalization in 
such patients, as has been suggested recently 
[1, 13], eliminates the very real possibility that 
many or most such patients might not need 
operation at all! If initial operative interven- 
tion were withheld, perhaps for 6-12 months 
following initial non-operative management, a 
substantial number of subclavian DVT 
patients, by now asymptomatic, might well 
avoid operation altogether. A randomized trial 
of such an approach would clarify this issue 
and is under discussion. 

Editorial Note: Conservative (nonoperative) 
management of  axillosubclavian vein 
thrombosis 

Dr. Johansen here presents an excellent 
analysis of long-term results of various forms 
of treatment of axillosubclavian vein throm- 
bosis (ASVT), the most severe form of venous 
TOS. He brings decades of experience to this 
field, and is a voice well worth paying atten- 
tion to. 

The views in this chapter, however, repre- 
sent a minority opinion. Based on the percep- 
tion of long-term disability if the first rib is not 
removed, most clinicians today advocate tho- 
racic outlet decompression in virtually every 
patient with ASVT after clot dissolution, and 
many (see Chap. 56, for example) even in 
patients who remain chronically occluded. Dr. 
Johansen argues that this approach is not nec- 
essarily warranted, presenting _ results 
(Tables 57.2 through 57.4) that are roughly 
equivalent for thrombolysis alone versus the 
addition of first rib excision. 

A close look at these data, however, must 
be performed. Eight series are presented in 
Table 57.2, showing long-term disability rates 
after thrombolysis and first rib resection rang- 
ing from 0 to 14 %, and ten series (nine pub- 
lished) in Tables 57.3 and 57.4, showing rates 
ranging from 4 to 17 % in patients undergoing 
thrombolysis without first rib excision. 
Roughly the same, but are these series equiva- 
lent? Taking into account size only, the answer 
is clearly no. By far the two largest series in 
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the “conventional treatment” group — rib exci- 
sion after thrombolysis — are those of Urschel 
[8] and Molina [11] — and both describe long- 
term disability rates of zero. By contrast, the 
two largest “series” of results in patients with- 
out rib resection cited in Tables 57.3 and 57.4 
— both meta-analyses [17, 18] — show disabil- 
ity rates of 15-17 %. 

Dr. Johansen’s argument is valid, but our 
point is that all reports are not created equal, 
and that the specific series cited need to be 
examined in detail to best answer this ques- 
tion. Ultimately, his final point that a prospec- 
tive randomized trial is needed is the 
absolutely correct conclusion. No analysis of 
past reports, all unrandomized and for the 
most part single center with variable follow 
up, can be relied on to set policy in any field 
of medicine, much less one so ill-controlled 
as TOS. By the same argument, one cannot 
conclude that first rib resection has been 
proven effective, or that it is unethical to with- 
hold this within the context of a research trial. 
Many centers have enough volume to answer 
this question in a few years, but a multi-insti- 
tutional trial would speed the process further. 
This is a high priority for Dr. Johansen and 
the editors of this volume, and we applaud 
him and the few others who have kept this 
issue in play! 
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Hypercoagulable Conditions 


and VTOS 
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Abstract 
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Which patient with upper extremity DVT should be tested for hypercoagu- 
lable states (thrombophilia) and what test should be obtained? No solid 
advice can be given due to a lack of clear data whether (a) thrombophilias 
contribute to DVT formation in patients with upper extremity DVT, and 
with VTOS in specific, (b) presence of a thrombophilia leads to differen- 
tial outcome whether surgical/vascular intervention is done or not, and (c) 
treatment should be any different based on absence or presence of a throm- 
bophilia. This chapter reviews the published data and, given the sparsity of 
clinical research data on this topic and the absence of a consensus state- 
ment, presents the author’s approach to testing. 


Thrombophilias - General Perspective 


Much of what we know about thrombophilias 
(hypercoagulable states) as risk factors for venous 
thromboembolism (VTE) stems from studies of 
lower extremity DVT. A number of large and 
well performed studies over the years have estab- 
lished the following abnormalities as the most 
common and robust risk factors for VTE: the fac- 
tor V Leiden and prothrombin G20210A 
(1120210) mutations, deficiency of protein C, S 
and antithrombin, antiphospholipid antibody syn- 
drome (repeatedly positive lupus anticoagulant, 
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anticardiolipin IgG or IgM antibodies, and anti- 
82-glycoprotein-I IgG and IgM antibodies), and 
elevated serum homocysteine levels. Elevated 
factor VIII levels are a risk factor for first VTE, 
but a number of testing caveats and the fact that 
elevated levels are not a risk factor for recurrence 
of VTE makes this test not useful in routine clini- 
cal practice. Meta-analyses show that methylene- 
tetra-hydro-folate reductase (MTHFR) C677T 
and A1298C polymorphisms are not risk factor 
for VTE in countries where food is supplemented 
with folic acid [1]. In view of conflicting or inde- 
cisive results regarding abnormalities in the 
fibrinolytic pathway and an association with VTE 
(PAI-1 and tPA levels and polymorphisms, etc.) 
such abnormalities cannot be viewed as clear 
thrombophilias [1]. A few uncommon thrombophil- 
ias of clinical relevance exist, such as the myelo- 
proliferative disorders (essential thrombocytosis 
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and polycythemia vera) and paroxysmal noctur- 
nal hemoglobinuria (PNH). 

While relevant for research purposes, whether a 
thrombophilia is a risk factor for a first episode of 
VTE is not of relevance for the clinician and patient, 
as the patient has already declared that he/she had a 
thrombotic event — no matter whether a thrombo- 
philia is present or not. The key question and the 
main reason to consider testing in an individual with 
VTE is whether presence of a thrombophilia leads to 
a higher risk of recurrent VTE and should lead to 
different treatment, i.e. longer-term anticoagulation 
if a thrombophilia is present, versus shorter-term 
treatment if none is found. In that context it is rele- 
vant to note that the heterozygous state for factor V 
Leiden is only a mild risk factor for recurrent VTE in 
the lower extremities, and the prothrombin G20210A 
mutation does not increase the risk of recurrence [2]. 
Clinical management in lower extremity DVT and 
PE — length of anticoagulation — is, therefore, typi- 
cally independent of the presence or absence of 
heterozygous factor V Leiden or the prothrombin 
G20210A mutation [3, 4]. 

The thrombophilias that predict a higher risk 
of VTE recurrence and are, therefore, considered 
strong thrombophilias, are listed in Table 58.1. 
The presence of one of these may be one of the 
reasons to consider longer-term anticoagulation 
in the patient with a first episode of lower extrem- 
ity DVT or PE. Thus, testing for these thrombo- 
philias in patients in whom additional information 
is needed to make a decision on length of antico- 
agulation can be appropriate [4]. The tests the 
author of this chapter considers appropriate in 
this situation are listed in Table 58.2. However, 
data on the role of thrombophilias in patients with 
upper extremity DVT are much sparser. 


VTOS, DVT and Thrombophilia 


Are Thrombophilias Risk Factors 
for DVT in Patients with VTOS? 


It is NOT known whether thrombophilias contrib- 
ute to DVT in patients with external compression 
of the axillo-subclavian vein. No case-control, 
prospective or retrospective cohort, or population- 
based cross-sectional study has been done to 
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Table 58.1 The strong thrombophilias 


Factor V Leiden, homozygous 


Prothrombin G20210A (1120210) mutation, 
homozygous 


Double heterozygous state (Factor V Leiden PLUS 
1120210 mutation) 


Protein C deficiency 

Protein S deficiency 

Antithrombin deficiency 
Antiphospholipid antibody syndrome 


Table 58.2 What to test in 2013 


Antiphospholipid antibodies 
Lupus anticoagulant (= inhibitor) 
Anticardiolipin IgG and IgM antibodies 
Anti-B,-glycoprotein-I IgG and IgM antibodies 
Factor V Leiden (to detect the homozygous state or the 


double heterozygous state of factor V Leiden plus 
prothrombin 20210 mutation) 


Prothrombin 20210 mutation (to detect the homozy- 
gous state or the double heterozygous state with factor 
V Leiden) 


Antithrombin activity (= functional antithrombin) 
Protein C activity (= functional protein C) 
Protein S activity (= functional protein S) 


investigate an association between thrombophilia 
and VTOS. Two studies have tried to address this 
issue. A case series reported in 2004 examining 31 
patients with primary upper extremity DVT found 
that 75 % of patients without an anatomic abnor- 
mality had a thrombophilia, versus only 22.5 % in 
patients with an abnormality (p=0.006), suggest- 
ing that thrombophilias play less of a role, if any, 
in VTOS with DVT compared to upper extremity 
DVT without anatomic abnormality [5]. Another 
retrospective case series, reported in 2006, exam- 
ining 18 patients with VTOS who had undergone 
first rib resection with scalenectomy reported that 
thrombophilias were relatively common in this 
population: 10/15 patients tested (67 %) had what 
the authors defined as a thrombophilia [6]. 
However, this report lacked clear definition of the 
thrombophilias (lack of reporting of degree of 
antiphospholipid antibody positivity and results of 
follow-up testing, degree of protein S decrease and 
homocysteine increase) and included thrombo- 
philias that are nowadays often not considered to 
be thrombophilias (MTHFR and PAI-1 polymor- 
phisms). In addition, the study lacked a control 
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group. Thus, the conclusion from the study that 
“thrombophilia may play an important role in the 
pathogenesis of VTOS” remains speculation and 
the conclusion that “clotting disorders should be 
aggressively evaluated” lacks supportive data. 


Does Knowing Whether the Patient Has 
a Thrombophilia Change Management? 


It is NOT known whether knowledge that a patient 
has a thrombophilia or not should lead to different 
treatment, i.e. longer anticoagulation after a 
VTOS-associated DVT — no matter whether a 
decompressive intervention/surgery is performed 
or not. No prospective outcomes studies using 
presence or absence of thrombophilia for treat- 
ment decision making have been published. 

While the 2006 publication discussed above 
reported that the majority of complications after 
rib resection with scalenectomy in the 18 patients 
operated on occurred in patients with a thrombo- 
philia, the limitations of the definition of throm- 
bophilias in the study and the nature of some of 
the adverse outcomes (hemothorax, neuropathy, 
recurrent or persistent edema without documented 
large vessel thrombosis) makes the study’s con- 
clusion that “thrombophilia may be a determinant 
of success of surgical compression” a hypothesis 
without supportive data at this point [6]. Finally, 
the design of the study — retrospective case series — 
and the lack of testing of different treatments 
based on presence or absence of a thrombophilia, 
does not allow the conclusions made that “knowl- 
edge that a patient has a clotting disorder can 
improve therapeutic outcome” [6]. 





Primary Upper Extremity DVT 
and Thrombophilias 


Are Thrombophilias Risk Factors 
for Primary (Unprovoked, Idiopathic) 
Upper Extremity DVT? 


It is NOT clear whether thrombophilias contrib- 
ute to a first event of primary upper extremity 
DVT. Data from mostly small case series and 
case control studies have been conflicting. Some 
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studies have shown a low prevalence of thrombo- 
philias in patients with upper extremity DVT or 
no increased risk for DVT in patients with throm- 
bophilia compared to controls without [7—9]. 
Others have reported an increased prevalence of 
thrombophilias or increased risk of DVT if a 
thrombophilia was present [5, 10—12]. The larg- 
est study to date does suggest that thrombophilias 
are a risk factor for upper extremity DVT [11]. It 
also suggests, based on observation that the com- 
bination of inherited thrombophilia and oral con- 
traceptive pill leads to a greater DVT risk than 
each risk factor by itself, that upper extremity 
DVT may be a multifactorial process. 


Does Knowing Whether the Patient Has 
a Thrombophilia Change Management? 


It is NOT known whether knowledge that a 
patient has a thrombophilia or not should lead to 
different treatment, i.e. longer anticoagulation in 
patients with upper extremity DVT. No prospec- 
tive randomized trials have been done. However, 
very limited data suggest that the risk of recurrent 
upper extremity DVT after an initial 6 months of 
anticoagulation therapy is relatively low, even if a 
thrombophilia is present [11]. However, the num- 
ber of patients with strong thrombophilias in that 
study were so low (3 of 115 patients) that no solid 
conclusion is possible. 





A Personal Approach 


In the patient with upper extremity DVT who has 
clear-cut VTOS requiring surgical intervention, 
this author tends to not order thrombophilia test- 
ing, as a clear other risk factor for the DVT has 
been detected. However, frequently the cause of 
the DVT is not fully clear and it is not clear 
whether external subclavian-axillary vein com- 
pression was a triggering factor. Thus, in the 
patient with upper extremity DVT not associated 
with central venous lines or cancer, the author 
does tend to perform a thrombophilia work-up, 
trying to find an explanation for the DVT and 
determining whether the patient has a strong 
thrombophilia (Table 58.1) that might influence 
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the length of anticoagulation decision. Table 58.2 
lists the tests that the author orders. 








Conclusion 

Who should be tested and what should be 
tested for? No solid advice can be given due to 
a lack of clear solid data whether (a) thrombo- 
philias contribute to DVT formation in patients 
with upper extremity DVT in general, and with 
VTOS in specific, (b) presence of a thrombo- 
philia leads to differential outcome whether 
surgical/vascular intervention is done or not, 
and (c) treatment should be any different based 
on absence or presence of a thrombophilia. 
However, if thrombophilia testing is done, care 
needs to be taken to appropriately interpret the 
tests, as a number of factors can lead to false 
positive and false negative results. In addition, 
counseling needs to take place as to what the 
finding of the thrombophilia means for the 
patient and his/her family members. Referral 
to a hematologist and/or genetic counselor 
might be appropriate, as well as provision of 
patient education materials (such as the infor- 
mation resource www.clotconnect.org). 
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Abstract 

While surgical treatment has an important place in the management of 
most patients with VTOS, physical therapists play a crucial role in helping 
patients attain optimal post-operative outcomes. Physical therapy should 
be focused on the individual needs of each patient with VTOS. The initial 
goals should be aimed at range of motion deficits, patient comfort, dia- 
phragmatic breathing exercises and patient education on post-surgical pre- 
cautions. Based upon symptoms, exercise tolerance, neurological deficits, 
and the protocol of the surgeon, the patient should gradually progress to 
strengthening activities. Postures, faulty movement patterns, habits and 
work duties which contribute to impairments for one individual may be 
different from another. Addressing the unique needs of each patient with 
VTOS is essential in order to achieve optimal recovery and long-term 
functional outcomes following surgical treatment. 


Introduction 


Venous thoracic outlet syndrome (VTOS) is a 
rare condition that can have a significant impact 
on the affected individuals. While surgical treat- 
ment has an important place in the management 
of most patients with VTOS, physical therapists 
play a crucial role in helping patients attain opti- 
mal post-operative outcomes. With knowledge of 
the anatomic path of the axillary-subclavian vein 
combined with a thorough history and objective 
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evaluation of the patient, the physical therapist 
can formulate a detailed treatment plan that is 
focused on the needs of the individual patient. 
The focus of this chapter is on the principles of 
physical therapy for patients that have undergone 
surgical treatment for VTOS. 


Initial Evaluation 


Post-operative physical rehabilitation begins 
early after surgery. The patient should be initially 
seen by a physical therapist within the first day or 
two of the operation, prior to discharge from the 
hospital, in order to begin gentle cervical and 
upper extremity range of motion exercises 
(mostly for “generic” recovery from first rib 
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excision at this point). Following hospital dis- 
charge, the patient should begin outpatient reha- 
bilitation. Although initially this treatment will 
continue to focus on cervical and upper extremity 
range of motion and recovery from rib excision, 
a complete subjective history highlighting the 
symptoms and a thorough objective evaluation 
focused on individual impairments and the 
venous pathology itself are essential in guiding 
further treatment. 

During this initial evaluation it is important to 
discuss with the patient any potential precipitat- 
ing events that occurred prior to the development 
of VTOS as well as the timeframe of the initial 
onset of symptoms, previous treatments, and sur- 
gical care. It is important to review any hobbies 
and work-related activities in order to highlight 
potential contributing factors that are unique to 
the individual. It is also relevant to discuss 
specific signs and symptoms, as well as any pre- 
vious injuries or co-morbid conditions that may 
influence further physical therapy and eventual 
recovery of full activity. 

The subjective background will further guide 
the objective evaluation. The physical therapist 
should first assess general patient appearance, 
with particular attention to the surgical site. The 
surgical incision should be visually examined 
for any abnormal signs that would require refer- 
ral back to the surgeon. The presence and extent 
of any neck or arm swelling, as well as any dis- 
coloration, should be specifically noted. The 
patient’s posture and alignment are also evalu- 
ated. Areas of importance include the slope of 
the shoulder girdle, the angle of the clavicle, the 
position of the scapula on the thorax, the posi- 
tion of the humerus in the glenoid fossa, the 
alignment of the thoracic spine, and posturing of 
the head and neck. 

Range of motion of the neck, shoulder, elbow, 
wrist, and hand are specifically measured, while 
carefully monitoring the body mechanics associ- 
ated with each of these motions. The quality of 
motion may also highlight any potential neuro- 
logical deficits following surgery which may 
influence the course of therapy. For example, it is 
essential to monitor scapular motion to highlight 
any potential dysfunction of the long thoracic 
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nerve, since neuromuscular abnormalities in this 
region will likely affect the progression of 
treatment. 








Initial Treatment 


The initial focus of treatment should be on resto- 
ration of range of motion of the neck and affected 
upper extremity, pain control and optimal patient 
comfort, use of diaphragmatic breathing exer- 
cises, and management of any residual edema. In 
order to fully address the needs of the patient, it 
is essential for the physical therapist to continu- 
ally monitor the signs and symptoms of the 
patient and to modify the treatment plan in accord 
with specific conditions and progress at each 
interval. 

Range of motion exercises for the neck and 
upper extremity are initiated to restore full 
motion, to help prevent any further loss of motion, 
and to prevent the development of postoperative 
adhesions in the area of the surgery. The sterno- 
cleidomastoid muscle may be tender, firm and/or 
shortened due to muscle spasm, therefore limit- 
ing cervical range of motion. Initial exercises to 
address this should include active or passive cer- 
vical stretching. The patient should also begin 
shoulder range of motion exercises including 
active or active-assistive supine shoulder flexion, 
as well as supine medial and lateral rotation 
(Fig. 59.1). Initially, the supine position may pro- 
mote better body mechanics and may be more 
tolerable to the patient. 

Motions of the shoulder performed against 
gravity (sitting or standing flexion) should be 
closely monitored. First, increased swelling of 
the arm may put additional stress on the neck 
and shoulder (and should be brought to the 
attention of the surgeon). In addition, improper 
scapular motion may also be a concern when 
lifting the arm overhead against gravity. Long 
thoracic nerve dysfunction may affect the 
patient’s shoulder range of motion and con- 
tribute to altered body mechanics: if the ser- 
ratus anterior muscle isn’t working sufficiently, 
the patient should avoid full overhead eleva- 
tion of the shoulder in a sitting or standing 
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Fig. 59.1 Range-of-motion exercises for venous TOS. 
Exercises performed in the supine position including 
active-assisted shoulder flexion (a) and medial and lateral 
shoulder rotation (b). Sidelying shoulder flexion may also 
be performed as a gravity lessened position to facilitate 
improved body mechanics (c) 


position. Such faulty body mechanics can lead 
to unwanted stress to the shoulder and sur- 
rounding tissues and need to be avoided until 
functional recovery of the long thoracic nerve 
has occurred. Active range of motion of the 
elbow, hand, and wrist should also be empha- 
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sized. These motions can help regain func- 
tional loss of motion of the affected upper 
extremity, and the active contraction of the 
muscles can assist with edema management. 
The use of ice can also assist with swelling in 
the surgical area. 

Prolonged swelling of the arm can reduce 
range of motion, contribute to adhesions, and 
place additional stress on the shoulder due to the 
added weight of the extremity. Due to this poten- 
tial added weight as well as discomfort associ- 
ated with the surgery, the therapist should also 
instruct the patient in appropriate sitting and 
sleeping postures. When sitting, it may be beneficial 
to support the upper extremity on pillows or an 
armrest in order to unweight the arm. When lying 
supine, the patient may also use a pillow under 
the arm to help place it in the same plane as the 
glenoid fossa (Fig. 59.2a). 

When appropriate, individual-based patient 
education should also include diaphragmatic 
breathing exercises, desensitization techniques 
for any potentially hypersensitive areas, scar 
management, and any protocols specific to 
the surgeon performing the original opera- 
tive treatment. The patient may be on lifting 
restrictions and activity modifications for sev- 
eral weeks following surgery. Gentle and pro- 
gressive strengthening will usually not begin 
for several weeks following surgery. The use 
of modalities and possibly aquatic therapy may 
be utilized to facilitate this gradual progression 
(Fig. 59.2b). 


Treatment Progression 


In general, the progression of exercises should 
be slow, in accord with the recommendations of 
the surgeon, and based on the individual’s rate 
of healing andsymptom resolution. Additionally, 
if the patient has any associated neurological 
deficits or other co-morbid conditions, the pro- 
gression of rehabilitation may need to be 
modified. While all patients are encouraged to 
progress slowly through the healing process, 
the return to recreational activities and work- 
related duties needs to be based on the unique 
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Fig. 59.2 Physical therapy for venous TOS. When lying 
supine, the patient may use a pillow under the arm to help 
place it in the same plane as the glenoid fossa; it may also 
be beneficial to support the upper extremity on pillows or 
an armrest when sitting, in order to help unweight the arm 


(a). Gentle and progressive strengthening will usually 
begin several weeks following surgery for VTOS, for 
which aquatic or pool therapy may be utilized to facilitate 
a gradual progression (b) 





Fig. 59.3 Postural alterations and strengthening in 
venous TOS. Poor posture, as illustrated here by slumping 
of the shoulder girdle, may be a contributing factor in the 


circumstances of the individual. For example, 
in the patient with dysfunction of the long tho- 
racic nerve, overhead activities may be limited 
for several weeks to months while awaiting 
functional nerve recovery. It is also useful to 
consider that treatment should not only focus 
on the affected (surgical) side, but should take 
into account the conservative management of 
the contralateral side, in order to ensure optimal 
overall functional outcomes. 

As the patient’s range of motion gradually 
returns toward normal, any neurologic deficits 


development of VTOS (a). Active exercises to help correct 
postural alterations are an important component of postop- 
erative physical therapy for patients with VTOS (b) 


subside, and general strength begins to improve, 
careful attention should be placed on posture, 
movement patterns of the spine and shoulder 
girdle, hobbies, and work-related duties which 
may have factored into the original compression 
of the neurovascular bundle. As the subclavian 
vein transverses the base of the neck through the 
thoracic outlet, poor posture may have contrib- 
uted to its compression and should be addressed 
during post-operative care (Fig. 59.3). Dynamic 
patterns should also be analyzed and modified. 
The physical therapist should assess and address 
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scapular mechanics and timing during upper 
extremity movements, precision of humeral 
motion within the glenoid cavity, and faulty 
movement patterns that may occur with various 
cervical and thoracic motions. Additionally, the 
sport, hobby or work activities that require any 
repetitive or overhead motion may need to be 
modified or discontinued. 

Exercise routines should also be evaluated. 
Movements contributing to muscle imbalance, 
poor posture, and subsequent potential compres- 
sion of the axillary-subclavian vein should be 
avoided. Exercises that may have contributed to 
scalene or pectoralis minor muscle hypertrophy 
may need to be modified or discontinued. 
Furthermore, strengthening of the latissimus 
dorsi muscle may have contributed to shoulder 
girdle depression and a narrowing of the costo- 
clavicular space, and may also need to be lim- 
ited. In addition, it may be important to evaluate 
a patient’s breathing pattern. Patients who do 
not demonstrate a diaphragmatic breathing pat- 
tern may demonstrate increased use of the acces- 
sory muscles for breathing, which may contribute 
to muscle stiffness and spasm. Such patients 
may need to be instructed in more appropriate 
breathing patterns. 





Additional Considerations 


Although VTOS is a specific subset of TOS 
related to compression of the axillary-subclavian 
vein, the physical therapist should also take into 
consideration the nerves of the brachial plexus 
and the subclavian artery, as these structures also 
course through the anatomical passage of the tho- 
racic outlet. Often the mechanisms that cause 
compromise for one structure will compromise 
the other parts of the neurovascular bundle, and 
surgery for one problem can create another. 
Effective treatment should thus be based on evi- 
dence regarding patients with any of the three 
types of TOS. Although the patient with VTOS 
may be seen primarily in the postoperative set- 
ting, approaches used in the conservative man- 
agement of patients with other forms of TOS may 
be useful in guiding treatment, which is focused 





on improving body mechanics, posture, and 
activity modifications. Several treatment proto- 
cols and strategies have been suggested for con- 
servative physical therapy for patients with 
neurogenic TOS, [1-7], and are further discussed 
in Chaps. 23 and 24, respectively. 

Although several exercise programs and treat- 
ment strategies have been offered, it remains impor- 
tant to recognize that no individual protocol will be 
applicable to all patients. The reasons for the com- 
pression of the neurovascular bundle may vary 
between patients, and different individuals may 
have undergone different protocols for treatment of 
VTOS. The ongoing assessment of the individual 
will highlight the potential contributing factors to 
the compression of the neurovascular bundle which 
may be addressed with physical therapy. 

In conclusion, physical therapy should be 
focused on the individual needs of each patient 
with VTOS. The initial goals should be aimed 
at range of motion deficits, patient comfort, 
diaphragmatic breathing exercises, edema man- 
agement, and patient education on post-surgical 
precautions. Based upon symptoms, exercise tol- 
erance, neurological deficits, and the protocol of 
the surgeon, the patient should gradually prog- 
ress to strengthening activities. Postures, faulty 
movement patterns, habits and work duties that 
contribute to impairments for one individual 
may be different from the next. Upon the back- 
ground of principles outlined here, addressing 
the unique needs of each patient with VTOS is 
essential toward achieving optimal recovery and 
long-term functional outcomes following surgi- 
cal treatment. 
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Part Vil 


Venous TOS: Surgical Techniques 


The majority of patients presenting with VTOS will require surgical interven- 
tion. The following chapters provide detailed descriptions of the wide range 
of surgical options that should be in the armamentarium of surgeons treating 
this patient population. Catheter-based pharmacological and mechanical 
thrombolysis are the first procedures most patients receive, and Dr. Darcy 
begins with an outline of the diagnostic and therapeutic options available. 

All surgical techniques for treating VTOS involve resection of some or all 
of the first rib. This can be performed through a transaxillary approach, as 
well as a supraclavicular, infraclavicular or combined paraclavicular approach. 
In rare cases, a claviculectomy may be required to facilitate exposure. 

The transaxillary approach described by Dr. Illig provides excellent expo- 
sure to the anterior thoracic outlet allowing access to resect the first rib and 
perform external venolysis with a cosmetically favorable incision. The infra- 
clavicular approach outlined by Drs. Meltzer and Schneider allows resection of 
the anterior portion of the first rib as well as subclavian venolysis. This expo- 
sure can be extended by dividing the manubrium for vein reconstruction if 
necessary. Dr. Thompson discusses his extensive experience with his preferred 
technique: the paraclavicular approach. This provides access to the entire tho- 
racic outlet, and allows for vein reconstruction when necessary. Dr. Sanders 
also adds his wealth of experience to the discussion on additional options for 
vein reconstruction. In unusual circumstances, claviculectomy may be used for 
exposure to the axillary, subclavian and innominate veins. Dr. Illig provides 
details and describes his experience with this surgical technique. 
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Venous thoracic outlet syndrome (VTOS) requires imaging to confirm the 
diagnosis and assess the extent of involvement and chronicity. In patients 
who present with acute effort thrombosis, thrombolysis is typically the 
first step. Tools for performing pharmacomechanical thrombolysis and 
strategies for their use will be discussed. Angioplasty and occasionally 
stenting are important techniques for managing residual stenoses after 
operative decompression of the thoracic outlet. 


Introduction 


Most patients with venous thoracic outlet syn- 
drome (VTOS) present with an acutely occluded 
vein. Imaging in general is critical to confirm the 
diagnosis and assess the extent of involvement, as 
well as to try to determine duration of thrombus 
presence. In patients who present with acute 
effort thrombosis, it is uniformly agreed upon 
that thrombolysis is the first step. For both of 
these reasons a well-thought out strategy for both 
diagnosis and initial intervention is of critical 
importance. 
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Imaging 


As discussed elsewhere, direct visualization of 
the venous system using duplex ultrasound is the 
first step in a patient with VTOS, because it is 
inexpensive, readily available, easy for the patient 
to tolerate, and totally non-invasive. However 
there are several disadvantages to ultrasound. 
Visualization of the vein as it passes beneath the 
clavicle may be difficult. If chronic occlusion is 
present it may be difficult to distinguish a large 
collateral vein from the subclavian vein. 
Compressing the subclavian may be difficult 
because of the overlying clavicle. Finally a high 
grade stenosis may slow flow so much that it can 
mimic thrombosis. For the above reasons it can 
be difficult to assess the length of the occlusion, 
and it may be difficult to distinguish acute from 
sub-acute thrombosis by ultrasound. 

The sensitivity of ultrasound has been reported 
to be in the range of 71-100 % and specificity 
ranges from 82 to 100 % [1, 2]. The diagnostic 
capabilities of ultrasound may be a little more 
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limited in children: a study of upper extremity 
deep venous thrombosis in 66 children with acute 
lymphocytic leukemia revealed that the sensitiv- 
ity of ultrasound was only 37 %, with all false 
negatives occurring in those with subclavian or 
central occlusion [3]. 

As discussed more thoroughly in Chap. 54, 
cross-sectional imaging (computed tomographic 
angiography (CTA), magnetic resonance imaging 
(MRI), and magnetic resonance venography 
(MRV)) have assumed greater roles in diagnosis 
of VTOS. Unlike ultrasound, both CT and MR are 
able to consistently visualize the subclavian vein 
under the clavicle. Both CT and MR can also 
readily define anatomy extrinsic to the vein that 
may be responsible for compression of the vein 
such as hypertrophy of the anterior scalene mus- 
cle. MR can be done without iodinated contrast 
and does not involve ionizing radiation. Also with 
MR it is possible to do provocative maneuvers 
(Fig. ) to reveal subclavian compression not 
evident on standard images with the patient’s arms 
at their side. MR has been reported to have a sen- 
sitivity of 100 % with a specificity of 97 % [4]. 

Since the diagnosis can be made non-invasively 
in the vast majority of patients, venography no 
longer has a role as a primary diagnostic test per 
se, but is nearly uniformly performed as a prelude 
to a catheter based intervention. 





Is Thrombolysis Followed by 
Decompression Ever Not Indicated? 


A variety of therapeutic strategies have been uti- 
lized in the years prior to the availability of 
thrombolytic techniques. 58-75 % of patients 
treated with anticoagulation alone will have per- 
sistent symptoms. Thrombolysis alone does not 
treat the underlying stenosis (Fig. ). Although 
covered elsewhere (Chap. 71), series exploring 
thrombolysis alone are illustrative. In one, 25 
patients were treated with thrombolysis, 12 of 
them with adjunctive PTA, while only two under- 
went operative decompression [5]. At 3 years of 
follow-up only 28 % were symptom free while 
72 % had mild or severe symptoms. Another 
series of 35 patients treated non-operatively with 





Fig. 60.1 (a) MR scan with the arms in neutral position 
at the side. The right subclavian vein appears to be nor- 
mal. (b) Repeat MR after abducting and raising the arms 
shows narrowing (arrow) of the right subclavian vein 


thrombolysis and anticoagulation resulted in a 
23 % rate of recurrent thrombosis within 13 
months post treatment [6]. 

Angioplasty without operative decompression 
is futile as the problem is extrinsic compression 
of the vein at the costoclavicular junction, which 
exerts massive leverage. Stenting the subclavian 
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Fig.60.2 (a) Venogram showing acute left subclavian and axillary vein thrombosis. (b) Venogram done after complete 


clot lysis reveals persistent subclavian vein stenosis (arrow) 


vein without surgical decompression also gener- 
ally fails, at rates approaching 100 % [7, 8]. Lee 
et al. showed that presence of a stent in the sub- 
clavian vein was an important contributor to 
rethrombosis after intervention [6], and the pres- 
ence of a stent compromises the ability to surgi- 
cally reconstruct the vein when the stent fails. 


Thrombolysis Techniques 


There are two main techniques for thrombolysis: 
catheter-directed infusion of a thrombolytic agent 
and pharmacomechanical thrombolysis (PMT). 
Catheter infusion is performed by placing a 
multi-side hole catheter into the clot and running 
thrombolytic agent through it for 6-48 h. This 
obviously requires that the thrombus be soft 
enough to traverse with the catheter; if the occlu- 
sion cannot be traversed, most interventionalists 
would abandon the attempt. However, a simple 
end-hole catheter can be embedded in the clot 
and lytic infusion started which occasionally will 
work. With the end-hole technique, more fre- 
quent catheter checks are required to keep 
advancing the catheter into the thrombus as the 
more peripheral thrombus dissolves. 

No controlled trial has been done to identify 
which of the currently available drugs is optimal 
for VTOS lysis. Gelabert et al. [9] compared 


urokinase and tissue plasminogen activator (tPA) 
in this situation, achieving complete clot lysis in 
93 % of both groups. Urokinase, however, is no 
longer available, so by default tPA is most com- 
monly used. The dose of tPA commonly used is 
0.5—1 mg per hour. Before initiating thrombolysis 
it is vital that the patient be carefully interrogated 
for possible contraindications to thrombolysis 
such as an intracranial process like tumor or 
stroke or recent major intra-abdominal or intra- 
thoracic surgery. 

The main advantage of catheter infusion is that 
it is simple, less labor intensive, and does not take 
much time in the angiography suite. The main dis- 
advantage is that clot dissolution may take several 
days and the patient has to be monitored in an 
observation unit or ICU during this whole time. 
The likelihood of successful lysis depends on how 
old the thrombus is. While there are anecdotes of 
month old clot being successfully lysed, some 
have reported no success when the patient’s symp- 
toms indicated that the clot was present for over 
2 weeks [10]. 

PMT is a generic term for use of a mechanical 
thrombolytic device in combination with infu- 
sion of a thrombolytic drug. The main benefit of 
using mechanical devices is that they can 
significantly speed up the process of clearing the 
entire clot. There are several mechanisms by 
which this occurs. First, most of the mechanical 
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Fig. 60.3 (a) Pre thrombolysis left subclavian venogram 
showing thrombus and collaterals. (b) After thrombolysis 
the underlying stenosis (arrow) is present but the throm- 


devices help disperse the lytic agent over a wider 
area and/or actually force lytic drug into the 
thrombus. Mechanical devices also cause frag- 
mentation of thrombus, which carries with it two 
benefits: First, fragmentation can in some cases 
be efficient enough that the particles created are 
small enough to aspirate or safely pass into the 
pulmonary circulation, and, second, such frag- 
mentation creates a greater surface area for lytic 
drug to work on and speeds the lytic effect. 

The enhanced lysis speed allows lower overall 
doses of lytic drugs to be used. It also now makes 
it possible to sometimes lyse the thrombus in a 
single session (Fig. 60.3). Single session throm- 
bolysis has several advantages. First it is poten- 
tially easier for the patient to tolerate as a 
prolonged indwelling infusion catheter is not 
needed. This also obviates the need to send the 
patient to a higher acuity observation unit or ICU 
since there is no prolonged infusion, and the risk 
of pericatheter bleeding, higher with prolonged 
infusion time, is virtually eliminated. The main 
disadvantage of single session thrombolysis is 
that these cases can take several hours, thus tying 
up proceduralist and interventional suite time. 

Some interventionalists adopt a hybrid strategy 
where an infusion catheter is placed in the morning 
and the patient is infused in an observation unit for 
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bus and collateral flow is no longer seen. This was accom- 
plished in one 2-h session using an Angiojet device for 
pharmacomechanical thrombolysis 


4-6 h. They are then brought back to the angiogra- 
phy suite in the afternoon and the remaining clot is 
cleared with pharmacomechanical techniques. 
After several hours of thrombolytic infusion the 
thrombus is not only reduced in volume but is also 
generally softer and more readily fragmented with 
mechanical devices. This approach is a little less 
labor intensive but still generally accomplishes 
complete lysis in a single work-day. 

Kim et al. [11] compared standard lytic infu- 
sions to PMT, and found that PMT yielded 
significantly shorter lysis treatment times (26.3 h 
versus 48 h for standard infusion). The total uroki- 
nase dose was significantly decreased (2.7 million 
units versus 5.6 million units), complete clot lysis 
was achieved more often (82 versus 73 %), and no 
increase in complications was seen. 


Pharmacomechanical Devices 


There are a number of devices that have been used 
for PMT. The Amplatz Thrombectomy Device 
(ATD) (EV3, Plymouth, MN) has an impeller that 
is housed in a cup at the end of the device 
(Fig. 60.4). This impeller creates a vortex that 
sucks clot into the impeller and fragments clot 
into micron sized pieces. There is no suction 
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Fig. 60.4 Amplatz thrombectomy device being used to 
clear right axillary thrombus. The impeller that fragments 
the clot is housed in a cup (arrow) at the tip of the device 


mechanism so the idea is to fragment the clot into 
small enough pieces that they can fully lyse and 
not cause major obstruction as they pass into the 
pulmonary circulation. Thrombolytic drug can be 
infused through a channel in the device. While 
very efficient at fragmenting clot, this device does 
not go over a wire and had minimal steerability so 
it is sometimes difficult to advance around curves 
or past side branches. Although great for debulk- 
ing large amounts of clot, the company is report- 
edly no longer going to produce this device. 

The Trerotola percutaneous thrombectomy 
device (PTD) (Arrow International, Reading, PA) 
also is a pure fragmentation device but of a 
different design. It consists of a motor driven 
rotating basket (Fig. 60.5) that acts somewhat 
like an egg-beater. Because the rotating basket 
has potential for wall contact this device could 
theoretically cause endothelial damage but this 
has not seemed to be an issue. This device does 
provide slightly more aggressive clot fragmenta- 
tion and is sometimes useful when the thrombus 
is a little older and more organized. The PTD 
does come in an over-the-wire model so it can be 
more readily advanced around curves across 
which a guidewire has already been placed, 
although it requires a seven Fr sheath. 

Several devices allow aspiration of lysed clot. 
The Angiojet System (Medrad, Inc. Warrendale, 
PA) uses a large pump system that works in 
several ways. In power-pulse mode the lytic agent 
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Fig.60.5 The arrow percutaneous thrombectomy device 
being used in the subclavian vein. The arrow points to the 
rotating basket that macerates the clot 


is power injected into the clot leading to better 
penetration than can be accomplished by a stan- 
dard IV infusion pump. In regular mode, saline is 
pumped in near the catheter tip while suction is 
applied to a more proximal port. The vortex cre- 
ated by this fluid circuit helps to macerate clot 
and facilitates aspiration through the suction 
lumen. There have been reports of bradyarrhyth- 
mias and even heart block when this device is 
used close to the heart [12, 13]. There are several 
theories regarding this, including activation of 
stretch receptors or release of excessive amounts 
of ATP from the lysed clot. Because of this it is 
recommended that the device be activated for 
short periods of time in susceptible patients. 

The Trellis catheter (Bacchus Vascular, Santa 
Clara, CA) has two occlusion balloons that can be 
placed at both ends of the thrombosed vein seg- 
ment (Fig. 60.6). The lytic agent is infused between 
the balloons which (at least theoretically) traps 
the lytic drug in that segment. A sinusoidal wire 
is then placed down the center guidewire lumen 
of the catheter. The sinusoidal wire is hooked to 
a drive motor which causes it to oscillate which 
disperses the lytic agent and thus homogenizes 
the clot which can then be removed through a sep- 
arate aspiration lumen. One disadvantage of this 
device is that its design requires that the device 
can be advanced through the thrombus to the pat- 
ent vein on the other side. If the thrombus is firm 
enough to prevent traversal, the Trellis cannot be 
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Fig. 60.6 (a) Right venogram showing acute axillo-sub- 
clavian vein thrombosis (arrows) with multiple collater- 
als. (b) The Trellis device has been positioned with the 
central balloon (small arrow) positioned just medial to the 
thrombus and the peripheral balloon (/arge arrow) posi- 
tioned lateral to the thrombus. The tPA will be trapped 
between these balloons. The oscillating wire has not yet 
been advanced into the Trellis. (c) Patent veins after a 
single session of Trellis thrombectomy 


used whereas the ATD, PTD, and Angiojet can all 
chip away at the thrombus and initial complete tra- 
versal is not required for their use. 
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A newer device called the Ekosonic Endo- 
vascular System (EKOS Corporation, Bothell, 
WA) works on a different principle. While the 
lytic agent is infused the EKOS wire generates 
ultrasound along the length of the device. This 
“sonication” increases the thrombolytic effect by 
increasing penetration of the lytic agent into 
thrombus [14]. There are several reported benefits 
to this approach, including penetration of lytic 
effect into difficult-to-reach places (such as 
behind valves) where a purely mechanical device 
might not reach, and reportedly allows diffuse 
penetration of the thrombus without causing 
macroscopic fragmentation of the clot that could 
lead to embolization. Since this process is not 
mechanical there is no damage to the vessel wall 
or valves and no red cell hemolysis [15]. Because 
of the lack of hemolysis, there is no adenosine 
release and thus no increased risk of arrhythmias, 
as well. 

There have been no trials comparing the vari- 
ous devices so current usage is generally deter- 
mined by the comfort level of the practitioner 
with individual devices. 


Results 


The success rates for thrombolysis are in the 
range of 62-84 % [10, 16]. However, the likeli- 
hood of successful lysis varies with the length of 
time the patient has symptoms prior to presenting 
for treatment. Molina et al. [17] described out- 
comes in 97 patients who presented for treatment 
within 2 weeks after the onset of symptoms. 
These patients had 100 % technical success with 
thrombolysis and 100 % patency on post op 
duplex imaging. In the same series were 17 
patients first seen 2 week to 3 months after the 
onset of symptoms, and only five such patients 
(29 %) were able to undergo successful lysis and 
subsequent surgery. There are no firm guidelines 
regarding how long thrombolysis should be pur- 
sued before deciding that the thrombus will not 
lyse but one group [18] has suggested that if 
20-25 mg of tPA have been given without sub- 
stantial lysis then the procedure should be 
terminated. 


60 Surgical Techniques: Thrombolysis, IVUS, and Balloon Angioplasty for VTOS 


419 





The overall results of thrombolysis followed 
by surgical decompression are quite good. 
Primary and secondary patency rates at | year are 
92 and 96 % respectively [19]. In a huge series of 
506 extremities treated over the course of 
50 years, 96 % of patients were improved during 
follow-up periods ranging from 1 to 32 years 
with an average follow-up of 7.2 years [8]. 
Several studies have reported that 100 % of ath- 
letes treated for VTOS were able to resume unre- 
stricted use of the treated extremity [2, 20]. 

While pre-operative thrombolysis is generally 
considered to be beneficial, one recent report did 
contend that pre-operative thrombolysis provided 
no benefit [21]. In this retrospective study 45 
patients underwent thrombolysis prior to first rib 
resection but 65 patients were treated with anti- 
coagulation alone before the surgery. Both the 
lysis and heparinization groups had similar need 
for venoplasty when routine venograms were 
done 2 weeks after surgery. More importantly at 
follow-up, 91 % of both groups had patent veins 
and were free of symptoms regardless of which 
pre-operative treatment was used. Importantly, 
however, this series included a large number of 
patients who presented with subacute or even 
chronic thrombus, so these results must be applied 
only to this group. 

A classic question is how soon after throm- 
bolysis should decompressive surgery be done. 
Early investigators [22] recommended delaying 
operation for 2-3 months after thrombolysis to 
reduce the risk of bleeding, operating soon after 
lysis has become more common. The main advan- 
tage is that this approach avoids the chance of re- 
thrombosis caused by unrelieved stenosis of the 
subclavian vein. Melby et al. showed that as the 
time interval from diagnosis to operation increases 
the overall duration of management and time to 
full recovery also lengthen [2]. 

The major concern with early operation is the 
potential for bleeding, but most feel that this is 
not a major problem. Some authors report no 
major complications resulting from lysis. One 
study [18] of 60 patients only had minor compli- 
cations in three patients (5 %). These consisted of 
one peri-catheter bleed, one minor hemoptysis, 
and one case of back pain, none of which caused 





any long-term problems. In another study in 
which 23 patients were operated on within 24 h 
after thrombolysis, wound hematomas occurred 
in three patients (13 %), one of whom required 
thoracotomy for drainage [23]. Molina et al., 
however, reported only one bleeding complica- 
tion in 97 cases in which early operation was per- 
formed [17]. 


Stenosis After VTOS Decompression 
Surgery 


Because the chronic compression leads to fibrotic 
changes in the vein itself, the subclavian vein may 
remain stenotic despite complete surgical decom- 
pression. The reported incidence of this varies 
widely. Although Molina et al. [17] reported a 
7 % incidence of stenosis after decompressive 
surgery, others feel this is much more common. 
Stone et al. [24] reported that 19 % of their patients 
required reintervention post-operatively, and 
Schneider et al. [19] identified residual stenoses 
on intra-operative venography immediately after 
decompressive surgery in 64 % of patients. 

When a stenosis develops postoperatively, 
angioplasty (Fig. 60.7) should be the first 
approach. Angioplasty can be done easily as an 
outpatient procedure with local anesthesia and 
minimal sedation. The easiest access for this is 
ultrasound guided puncture into the basilic vein 
in the mid or lower upper arm. Given the size of 
the subclavian vein, larger diameter balloons, 
typically 10-14 mm, are needed. Post-operative 
stenoses are often very fibrotic and so high pres- 
sure non-compliant balloons are typically needed. 
Despite this, good results can be obtained. 
Schneider et al. [19] described patients treated 
with angioplasty alone after discovering stenoses 
on post surgical decompression venograms. At 
1 year follow-up the primary and secondary pat- 
ency rates were 92 and 96 %, respectively. 

For stenoses that are resistant to balloon angio- 
plasty the use of cutting balloons has been reported 
to be helpful [18]. Cutting balloons (Boston 
Scientific, Natick, MA) have micro-blades mounted 
on the balloon. As the balloon is inflated the small 
blades are pushed out against the fibrotic tissue 
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Fig. 60.7 (a) Left venogram done 3 weeks after surgery 
to decompress the thoracic outlet. There is significant 
residual subclavian vein stenosis (arrow) with multiple 
collaterals. (b) Angioplasty with a 12 mm diameter high 
pressure balloon. (c) Post PTA, the vein is patent and no 
collaterals are seen 


which is then cut. These balloons are low pressure 
balloons and, unfortunately, the largest available 
size is only 8 mm. For this reason, such stenoses 
generally need to be further dilated with a larger 
high pressure balloon. There are no studies evaluat- 
ing the long term benefit of using cutting balloons. 
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For truly resistant stenoses, stent deployment 
is sometimes necessary, but it should again be 
emphasized that this should be considered only 
after bony decompression. Even after decompres- 
sive surgery, there is potential that a more rigid 
balloon expandable stent can be crushed by extrin- 
sic forces, and self-expanding stents should be 
used. One group, in a series of patients undergo- 
ing PTA with stenting to follow in 30 %, described 
1 and 5 year patency rates of 100 and 94 %, 
respectively [24]. Freedom from reintervention at 
those same time intervals was 100 and 74 %. In 
another study of selective stenting for patients 
with post-operative stenoses, those treated with 
angioplasty alone had 100 % patency whereas 
patency was only 64 % in those treated with stents 
[23]. While stents may be needed in some cases, 
routine use does not appear to be justified. 
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Abstract 

When treating a patient with venous thoracic outlet syndrome (VTOS), the 
most critical structures are the anterior part of the first rib, the anterior part 
of the clavicle, and the associated subclavius muscle and costoclavicular 
tendon connecting the two — the costoclavicular junction. The transaxil- 
lary exposure provides the best exposure of the anterior first rib, sub- 
clavius muscle, and costoclavicular tendon, yields excellent exposure of 
the entire subclavian vein to the level of the jugular vein, allows thorough 
circumferential external venolysis, and is most cosmetically attractive for 
patients, many of whom are in a young, active age group. When combined 
with thrombolysis and performed with proper technique for effort throm- 
bosis, complications, most commonly hematoma, asymptomatic small 
pneumothorax, and temporarily troubling but temporary long thoracic 
nerve injury, should be rare, and long-term success achieved in over 90 % 
of patients treated. 


Introduction 


When treating a patient with venous thoracic out- 
let syndrome (VTOS), the most critical structures 
are the anterior part of the first rib, the anterior 
part of the clavicle, and the associated subclavius 
muscle and costoclavicular tendon connecting 
the two — the costoclavicular junction. As 
discussed elsewhere, the pathophysiology of 
VTOS is extrinsic compression caused by the 
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“nutcracker” effect of the first rib and clavicle 
held together by the fulcrum of the junction itself. 
As such, one of these bones must be removed. 
Moreover, we and others strongly feel that the 

vein should be freed of its external cicatrix, i.e., 

that external venolysis be routinely performed. 

For all of these reasons, we believe transaxillary 

exposure, first described by Roos in 1966 [1], is 

best in this situation. With regard to venous 
disease, this approach has the following 
advantages: 

e It provides the best exposure of the anterior 
first rib, subclavius muscle, and costoclavicu- 
lar tendon, 

e It yields excellent exposure of the entire sub- 
clavian vein to the level of the jugular vein, 
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¢ It allows thorough circumferential external 
venolysis, 

e Jt is most cosmetically attractive for patients, 
many of whom are in a young, active age 
group. 

It should be noted that some investigators 
believe that most, if not all, veins in this case 
require formal reconstruction [2]. If so, another 
approach is needed, but in patients who do not 
need formal venous reconstruction the transaxil- 
lary route is, we believe, the best option. See 
also Thompson [3] for an excellent description 
of this approach applied primarily for neuro- 
genic TOS. 





Surgical Technique 


No special preoperative preparation is needed. 
We ask all of our patients to wash their surgical 
site (in this case, the axillary region) with a surgi- 
cal prep sponge the night before surgery. This 
area, with its rich supply of lymph nodes and 
sweat glands, is somewhat prone to infection, but 
this has not been a significant problem in our 
experience. 

The operation is performed under general 
anesthesia (if a patient is too sick for general 
anesthesia, they probably should not be having 
this operation to start with). The patient is placed 
in full lateral decubitus position, with the affected 
side obviously upward. A “beanbag” is used to 
support the patient. An axillary roll is placed, the 
lower leg bent for stability, and a pillow placed 
between this and the straight upper leg. Tape is 
used to keep the patient upright, and the bean bag 
is molded to the patient and then “deflated.” We 
find it helpful to have someone apply upward 
traction on the arm during positioning for added 
stability. 

The arm must be elevated throughout the 
entire case, which can last an hour or more. 
Traditionally, an assistant has been used to hold 
the arm, traditionally by lifting it at the bent 
elbow (Fig. 61.1a). This can be quite difficult for 
the assistant, especially if the case is long, and 
provides variable degrees of exposure depending 
on strength, fatigue, and attention being paid. 
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Another option is to use a retractor developed at 
UCLA (Fig. 61.1b). This is a custom-made device 
and not widely available, although similar “home- 
made” options are easily created. The third option 
is a very simple technique that we developed after 
talking to our orthopedic surgeons. The arm is 
wrapped with a specially-made stockinette and 
secured by wrapping, and is then suspended by 
means of a weight over an overhead “shower cur- 
tain” assembly used for hip replacement surgery 
(Fig. 61.1c). We have performed approximately 
80 transaxillary first rib excisions using this tech- 
nique since 2006, and have had no patients suffer 
any apparent disability or harm because of this 
[5]. It provides superb and constant exposure, 
which incidentally can be regulated with a single 
hand by the surgeon. We recently discovered that 
what is probably a similar technique was briefly 
described by Urschel in 2000 [6]. 

We perform this operation with both surgeon 
and assistant wearing headlights; while good 
exposure is routinely obtained, there may not be 
enough room for both light and vision. In addi- 
tion, if a television monitor headlight is available, 
this provides others in the room with a chance to 
follow the operation. 

When exposure has been completed, the axil- 
lary region is prepped and draped. An incision is 
made relatively low in the axilla (a high incision 
provides no benefit and can simply lead one more 
directly to the lymph nodes). This incision does 
not have to be very large; the pectoralis major 
anteriorally and latissimus dorsi medially define 
but also limit exposure. The incision is first 
brought directly downward to the chest wall 
itself. The tissues superficial to this plane are then 
reflected upward, and the chest wall itself is fol- 
lowed up to the first rib. There are several small 
crossing vessels which need to be identified, con- 
trolled, and divided. The long thoracic nerve is 
vulnerable to retractor injury posteriorally, and 
the intercostobrachial cutaneous nerve, exiting 
between the first and second ribs, can sometimes 
be preserved but often must be sacrificed, leaving 
the patient with (usually temporary) axillary and 
inner upper arm numbness. Surprisingly good 
exposure can be obtained using two deep 
Weitlander retractors. 
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Fig. 61.1 Three methods of supporting the arm for 
transaxillary first rib resection. (a) The “traditional” 
approach — the arm is held upright by an assistant within 
the sterile field (Reprinted from Thompson and Driskill 
[4] with permission from Elsevier). (b) The “Machleder” 
retractor, developed by Herb Machleder at UCLA, also 


To the novice thoracic outlet surgeon, the first 
rib can seem very high, but with experience it’s 
fairly evident where this is. Second ribs have 
been removed by mistake. The absolute require- 
ment for identifying the first rib is to note the 
insertion of the anterior scalene muscle, which 
should be very clearly seen, separating the sub- 
clavian artery (posterior) and vein (anterior) 
(Fig. 61.2). 

At this point, the lateral border of the first rib 
is cleared. A useful trick is to take a metal instru- 
ment and place it on top of the first rib, with pres- 
sure directed downward, i.e., toward the chest, 
and bring it back out of the wound. When the 
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used at Johns Hopkins (Courtesy of Julie Ann Freischlag, 
MD). (c) The technique used at the University of Rochester 
(An apparently similar technique was briefly mentioned 
by Urschel in 2000; reference Schanzer and Messina [9] 
above). (Reprinted from Illig KA [5]. With permission 
from Elsevier) 


edge of the rib is reached, the instrument will 
“fall down” into the soft area of intercostal 
muscles between the first and second rib. Leaving 
the instrument pushing the intercostals down, a 
cautery with a bent tip can then be used to incise 
the muscle and thus develop the lateral border of 
the rib. A periosteal elevator is then used to 
undermine the first rib (leaving the periosteum 
with the rib to be resected), and a right angle 
clamp is then be placed underneath it to be rotated 
upward when the medial border is reached. 
Gentle spreading at this point will provide a little 
bit of preliminary dissection without damaging 
any structures. 
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Fig.61.2 For assurance that the first rib is actually being 
exposed, the operator must visualize the anterior scalene 
muscle arising from it and passing upwards. The axillary 
subclavian vein will be seen to lie immediately anterior to 
it, and the artery, immediately posterior. Note the long 
thoracic nerve posteriorally (not labeled) and the sub- 
clavius muscle under the clavicle anteriorally and superio- 
rally (Reprinted from Thompson and Petrinec [3]. With 
permission from Elsevier) 


At this point, using a combination of cautery 
and sharp and blunt dissection, the lateral and 
medial borders of the first rib are cleared from 
just posterior to the artery all the way to the 
costoclavicular junction. We and others strongly 
advocate full removal of the rib in all planes, as 
subperiosteal resection, at least in theory, increases 
the chance of regrowth. The rib is also cleared 
posteriorally, staying as close as possible to it to 
avoid injury to the long thoracic nerve. A straight 
or angled bone cutter is then used to cut the rib 
and it is removed from the field. At this point, a 
rongeur is used to bring the rib all the way back to 
the sternum itself; we persist until clear articular 
cartilage is seen. We do not aggressively pursue the 
rib posteriorally when resected for venous TOS. 
The rongeur is also useful to resect as much of the 
subclavius tendon as possible, and consideration is 
given to debulking the subclavius muscle, if large. 

Attention is next directed to the vein itself, 
which should not be left alone. In patients with 
VTOS, there is almost always a very tough 
fibrotic “rind” surrounding the vein. With experi- 
ence and gentle dissection, it’s very easy to get 
within this cicatrix to expose native, relatively 
healthy, venous adventitia. This can then be fur- 
ther dissected and the cicatrix removed entirely. 
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In so doing the vein is mobilized 270—360° which 
completely frees it up from the subclavius muscle 
and costoclavicular ligament (which can also 
both be removed to provide even more room for 
the vein). With care and patience, this mobiliza- 
tion can be accomplished all the way down to the 
junction of the jugular vein, leaving the vein free 
and clear superiorally, anteriorally, and inferio- 
rally (we tend to leave the posterior part of the 
vein undissected as there is minimal scar tissue, 
no obstructive structures, and the thoracic duct 
enters in this location). It should be noted that the 
phrenic nerve runs anterior to the vein in this 
location in approximately 90 % of cases but it can 
occasionally run posterior to it; this anomaly 
should be specifically sought out. External venol- 
ysis and subtotal mobilization can yield surpris- 
ing benefits. Figure 61.3 shows venograms of a 
patient immediately before and immediately after 
this procedure, clearly illustrating that much of 
what is thought to be intrinsic disease may actu- 
ally be extrinsic compression caused by the scar 
tissue. Such constriction will persist even if the 
bones are removed, and formal external venolysis 
should be a part of every operation for VTOS. 

At this point, the operation is done. Pleural 
entry occurs in approximately 10 % of cases. 
This is usually not a problem, although if low 
grade bleeding is present hemothorax can occur. 
The wound is typically closed over #10 Jackson 
Pratt drain. If pleural entry is present, we cut side 
holes in a red rubber catheter, place it in the pleu- 
ral space, attach it to suction, and, accompanied 
by a Valsalva maneuver, quickly remove it as the 
last fascial knot is cinched down. Again, if pleu- 
ral entry is apparent, unusually close attention 
should be paid to hemostasis. The wound is 
closed cosmetically with the Jackson Pratt drain 
exiting through a separate stab incision. 

Because the operation is uncomfortable for 
the patient of the short-term, we routinely pre- 
scribe patient controlled anesthesia (PCA) for the 
1st day or 2. When patients are able to take oral 
medications they can be discharged. The drain is 
removed, if not chylous, on day 1. Rehabilitation 
strategies for the first month are focused simply 
on range of motion, with formal physical and 
occupational therapy, discussed elsewhere, 
started after the first postoperative visit. 
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Fig.61.3 Pre (a) and 
postoperative (b) venograms 
in a patient with VTOS 
following thrombolysis 

and early first rib resection, 
illustrating the benefits of 
thorough external venolysis. 
“a” is the venogram after 
thrombolysis (performed at 
an outside institution) prior 
to rib resection, while 

“b” shows the situation after 
surgical decompression but 
without any additional 
endoluminal intervention. 
Note the dramatic 
improvement in flow and 
resistance (significantly 
diminished collateral flow) 
after external venolysis alone 
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Complications 


Complications are relatively infrequent. Pleural 
entry is discussed above. We routinely obtain 
chest X-ray in the recovery room. Occasionally, 
a low-grade pneumothorax can be seen, but we 
have never had to place a chest tube for this prob- 
lem. Long thoracic nerve dysfunction with a 
winged scapula is occasionally seen. If present 
after transaxillary exposure it almost always 
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indicates a stretch injury due to retraction and 
will usually resolve with time, although this may 
take up to a year. Certainly, inadvertent removal 
of the second rib is a significant complication; 
this can be eliminated by making sure that the 
anterior scalene muscle and true subclavian ves- 
sels are definitively identified. True chyle leak is 
quite rare. Prolonged lymphatic leak can occur 
because of the lymph nodes in this area, but will 
usually resolve with time. If a true thoracic duct 
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injury is present, more advanced techniques 
(such as laparoscopic duct clipping) will have to 
be employed, as prolonged parenteral nutrition 
and bowel rest does not help very often. 


Results 


Drs. Kashyap, Ahn, and Machleder appropriately 
state that “A review of the literature would sug- 
gest that scientific judgment has given way to 
religious fervor regarding the issue of surgical 
management of TOS” [7], although this state- 
ment probably applies more to decompression 
for neurogenic rather than venous symptoms. In a 
seminal review of over 3,700 cases, Sanders 
reports “good” results after 83 % of transaxillary 
rib resections and 83 % after supraclavicular rib 
resections [8], although essentially all of these 
procedures were performed for neurogenic TOS. 
Reports of outcomes after transaxillary first rib 
resection for venous TOS, in almost all cases 
established Paget-Schroetter syndrome following 
thrombolysis, demonstrate “clinical success” in 
93-100 % of cases with approximately 95 % pat- 
ency at 5 years [6, 9-11]. 

True complication rates are difficult to deter- 
mine because of the very low event rate (and 
likely publication bias). Chang recently analyzed 
this issue by means of a National Inpatient Sample 
query. Although they could not distinguish 
transaxillary from other approaches, becasuse the 
transaxillary approach is the most commonly per- 
formed method of rib resection this is probably a 
good approximation. This sample documented 
rates of brachial plexus and “vascular” injuries of 
0.60 and 1.74 %, respectively [12], although note 
in their discussion multiple series by very experi- 
enced surgeons with no such injuries at all [13, 
14], an experience with which we agree. We have 
had at least two patients with long thoracic nerve 
dysfunction in less than 100 venous cases over 
the past 5 years, yielding a rate of 3 % or so, but 
note that both patients fully resolved and thus 
suggest that both of these were due to traction 
and/or retraction injuries. We also point out that 
the rate of significant hematoma and/or hemotho- 
rax is not zero, especially when operating on 


patients immediately after thrombolysis; the lat- 
ter complication should be specifically sought out 
in any patient who has anemia and/or shortness of 
breath after transaxillary rib resection. 
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Abstract 


The infraclavicular approach provides direct access to the costoclavicular 
space for focused treatment of VTOS. Using this approach complete first 
rib resection and subclavian venolysis can be performed without unneces- 
sary exposure or manipulation of the brachial plexus or subclavian artery. 
Sacrifice of collateral veins that usually exist in the supraclavicular and 
axillary areas is also easily avoided with the infraclavicular approach. 
Residual venous stenoses may be directly addressed with patch angio- 
plasty through the same exposure or by percutaneous angioplasty. Excellent 
results for the treatment of effort thrombosis and VTOS using the infra- 
clavicular approach have been reported. 


Introduction 


The transaxillary, supraclavicular, and para- 
clavicular approaches are commonly used for 
thoracic outlet decompression and provide excel- 
lent access to the neurovascular structures within 
the interscalene space for treatment of neurogenic 
and arterial thoracic outlet syndromes. Many sur- 
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geons utilize the aforementioned techniques in 
the treatment of venous thoracic outlet syndrome 
as well, likely due to familiarity with these 
approaches. In the case of VTOS, however, the 
relevant anatomy and pathology (i.e., the subcla- 
vian vein) is found within the more anterior cos- 
toclavicular space. The costoclavicular space, 
first rib, and subclavian vein may be directly 
accessed via an infraclavicular approach and this 
has become our preferred approach for treatment 
of VTOS. 

First described by Gol in the neurosurgical lit- 
erature in 1968 for treatment of NTOS, the infra- 
clavicular approach is best suited to treatment of 
VTOS by providing direct access to the subcla- 
vian vein and first rib within the costoclavicular 
space [1]. Potential advantages of the infraclavic- 
ular approach include minimal manipulation of 
the brachial plexus, phrenic nerve, and subcla- 
vian artery, which are not involved in VTOS. 
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Collateral veins, which generally course through 
the supraclavicular space to enter the jugular 
veins or through the axilla to enter the chest wall, 
and may be interrupted by other surgical 
approaches, are avoided by the infraclavicular 
approach. Most importantly, the central portion 
of the subclavian vein can be directly visualized 
during the critical venolysis step of the procedure 
and, if needed, proximal exposure of the central 
veins can be gained by transmanubrial extension 
of the infraclavicular incision. For these reasons, 
we have found the infraclavicular approach to 
venous thoracic outlet syndrome to be an excel- 
lent choice. Limited utilization of the infraclavic- 
ular approach is most likely due to lack of 
familiarity with the technique, which is actually 
quite straightforward. 


Technique 


General endotracheal anesthesia is provided. The 
patient is positioned supine with the affected arm 
prepped into the field. The extremity is encircled 
with a sterile sling permitting mobility which 
facilitates exposure during the procedure, partic- 
ularly during dissection along the posterior aspect 
of the first rib. 

A transverse incision is made below the clavi- 
cle, overlying the first rib (Fig. 62.1). The incision 
extends from the lateral border of the munubrium 
to the deltopectoral groove. A plane is developed 
between fibers of the pectoralis major using a 
muscle-sparing approach and the more lateral 
pectoralis minor muscle is not divided. The ante- 
rior surface of the first rib is identified deep to the 
pectoralis major muscle (Fig. 62.2). The sub- 
clavius muscle is divided from its insertion onto 
the first rib. Working directly on the superior 
aspect of the first rib the attachments of the ante- 
rior and middle scalene muscles are divided with 
electrocautery; and along the inferior aspect of the 
rib the intercostal muscles are divided. A hand- 
held renal vein retractor is placed alongside the 
first rib to facilitate exposure and to protect the 
neurovascular structures. Superior and anterior 
movement of the shoulder is extremely useful to 
facilitate exposure while the first rib is freed. 
Using a periosteal elevator, the pleura is cleared 
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Fig. 62.1 A transverse incision is made overlying the 
first rib 





Fig.62.2 After muscle-sparing division of the pectoralis 
fibers, the anterior surface of the first rib is encountered 


from the deep surface of the rib. Cleared of it 
attachments, with the neurovascular structures 
protected, the first rib is then divided using either 
Kerison rongeurs or a rib cutter at the costomanu- 
brial junction and close to the vertebral transverse 
process to facilitate complete removal. Residual 
fragments of the posterior rib can be removed 
using rongeurs. 

A circumferential subclavian venolysis is then 
performed to remove fibrous tissue using sharp 
scissors dissection. Careful attention is paid to 
freeing the vein anteriorly as it courses behind 
costoclavicular ligament and the head of the clav- 
icle and the manubrium (Fig. 62.3). Although 
others have reported routine patch angioplasty to 
address venous stenoses, our preferred method is 
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to perform intraoperative venography following 
wound closure. Residual subclavian vein stenoses 
(>50 %) are treated with angioplasty using bal- 
loon diameters of 10-14 mm with inflation pres- 
sures up to 20 atm, when necessary (Fig. 62.4). 
Should more proximal exposure for surgical vein 
patch angioplasty prove necessary, the transman- 
ubrial extension of the incision may be performed 
to expose the innominate veins; claviculectomy 
is unnecessary. The resection is done extra- 





Fig. 62.3 Exposure facilitates an extensive subclavian 
venolysis 


Fig. 62.4 Residual stenosis 
(arrow) is treated with 
balloon angioplasty 


pleurally, and while it is not uncommon to create 
a rent in the pleura a thoracostomy tube is gener- 
ally not needed. A drain is routinely placed in the 
bed of the resected first rib. 


Postoperative Management 


Intravenous ketorolac and narcotics are used for 
postoperative analgesia. Immobilization is unnec- 
essary and gradual return to normal use of the 
upper extremity is encouraged. The drain is 
removed after output is less than 30 ml over a 
24 h period. Postoperative anticoagulation is 
selectively used only for patients with residual 
non-occlusive chronic thrombus observed by 
intraoperative venography or duplex ultrasound 
after surgical decompression and angioplasty. 
Surveillance duplex ultrasonography is_per- 
formed prior to hospital discharge and at 3, 6, and 
12 months postoperatively. 


Outcomes 


Molina was the first describe an infraclavicular 
approach to venous thoracic outlet decompres- 
sion [2]. Using an approach that consisted of 
immediate thrombolysis and urgent decompres- 
sion via the infraclavicular technique, 100 % 
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procedural success was achieved. Of 97 patients 
treated for VTOS and acute subclavian vein 
thrombosis, there was only one bleeding compli- 
cation and two pneumothoraces that required 
tube thoracostomy. At short-term and long term 
follow-up (mean=5.2 years, range 2—21 years) 
duplex assessed subclavian vein patency was 
100 %. Arm function was noted to be normal in 
all patients. 

Johnston et al. reported a 94 % primary pat- 
ency and 100 % secondary patency in 21 patients 
treated for VTOS and acute subclavian vein 
thrombosis using the infraclavicular approach for 
rib resection and venolysis followed by intraop- 
erative subclavian vein angioplasty to treat resid- 
ual stenosis [3]. It should be noted that poorer 
results are typical for patients with chronic sub- 
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clavian thrombosis, especially when surgical 
reconstruction or replacement of the subclavian 
vein is needed, emphasizing the need for early 
identification and treatment of patients with effort 
thrombosis with catheter-directed thrombolysis. 
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Abstract 

Venous TOS is distinct from other forms of TOS with respect to pathophysiol- 
ogy, clinical presentation, and functional consequences for the patient. Optimal 
management of axillary-subclavian vein compression thereby requires different 
considerations and approaches from those applicable to either neurogenic or 
arterial TOS. The purpose of this chapter is to describe a comprehensive strategy 
to the surgical treatment of venous TOS based on paraclavicular thoracic outlet 
decompression. This approach combines the advantages of supraclavicular 
exposure with an infraclavicular exposure that permits complete resection of the 
medial first rib, as well as wide exposure of the subclavian vein to permit direct 
vascular reconstruction in the same setting. Use of this approach allows definitive 
surgical treatment to be offered to all patients with symptomatic venous TOS or 
recent effort thrombosis, regardless of the interval between initial diagnosis and 
referral, previous treatment, or adverse findings on contrast venography, with 
excellent early and long-term outcomes. This has led us to conclude that opera- 
tive procedures based on paraclavicular exposure provide the most versatile, 
comprehensive, and safe approach to the treatment of venous TOS. 


Introduction considerations and approaches from those 
applicable to either neurogenic or arterial TOS [1- 


Venous TOS (VTOS) is distinct from other forms of | 3]. VWTOS is due to extrinsic compression of the sub- 


TOS with respect to pathophysiology, clinical pre- 
sentation, and functional consequences for the 
patient, and optimal management of axillary-sub- 
clavian vein compression thereby requires different 
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clavian vein between the clavicle, first rib, subclavius 
muscle and costoclavicular ligament as they come 
together in the anterior portion of the thoracic outlet 
(costoclavicular junction), and treatment therefore 
requires that this area be specifically addressed. 


Goals of Treatment 


Surgical treatment provides definitive management 
for axillary-subclavian vein effort thrombosis and 
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434 
venous TOS and should be considered in almost all 
patients with this condition, although those with 
longstanding untreated subclavian vein occlusion 
or those that exhibit a long segment of residual 
venous occlusion extending into the axillary vein 
despite thrombolysis may require other approaches. 

The overall goals of operative treatment for venous 

TOS are three-fold: 

1. Complete decompression of the subclavian 
vein and collateral venous pathways through 
the thoracic outlet by removal of the first rib and 
associated scalene and subclavius muscles; 

2. Restoration and maintenance of normal blood 
flow through the axillary-subclavian vein by 
removing constricting scar tissue from around 
the vein, adjunctive balloon angioplasty, and/ 
or direct venous reconstruction when neces- 
sary; and 

3. Predictable recovery from operation within a 
reasonable period time with return to full 
unrestricted activity of the affected upper 
extremity, minimal risks of rethrombosis or 
long-term symptoms of venous congestion, 
and no need for ongoing treatment with anti- 
coagulant or other medications. 


Selection of Surgical Approach 


As discussed in Chap. 55, several options exist for 
treatment of this problem. The most fundamental 
goal is treatment of the costoclavicular junction at 
the anterior part of the thoracic outlet, which is not 
easily accessible from the supraclavicular approach. 
In addition, most clinicians stress that the vein 
should be mobilized and external scar tissue 
removed, and many advocate an aggressive approach 
to reconstruction and immediate venography. 

Transaxillary first rib resection typically involves 
partial resection of the first rib and division of its 
scalene muscle attachments, but because it is not 
feasible to fully expose or control the subclavian 
vein from the transaxillary approach, direct eval- 
uation and/or reconstruction of the subclavian 
vein is not performed. Rather, transaxillary first 
rib resection is usually coupled with the subse- 
quent use of intraoperative or postoperative 
venography and performance of balloon angio- 
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plasty and/or stent placement to deal with any 
residual stenosis in the subclavian vein [4]. 
Current estimates indicate that 40-50 % of 
patients will demonstrate a residual subclavian 
vein stenosis requiring balloon angioplasty, even 
several weeks after first rib resection. Because 
these lesions are typically composed of dense 
scar tissue within and around the wall of the vein, 
balloon angioplasty may be relatively ineffective 
in this setting, and for all these reasons we prefer 
more direct and thorough approaches to the man- 
agement of patients with venous TOS. 

In recent years wider use of anterior approaches 
to thoracic outlet decompression and direct oper- 
ative reconstruction of the subclavian vein have 
been developed and analyzed [3, 5-11]. Molina 
and colleagues reported results with immediate 
surgery using subclavicular decompression and 
subclavian vein patch angioplasty in 114 patients 
[9]. Of 97 (85 %) patients treated within 2 weeks 
of symptoms, the outcomes were uniformly suc- 
cessful. However, of 17 (15 %) patients treated 
more than 2 weeks after the onset of symptoms, 
all had developed progressive subclavian vein 
fibrosis, with 12 (70 %) having postoperative rest- 
enosis and 5 (30 %) being considered inoperable. 

Our group has long advocated use of para- 
clavicular thoracic outlet decompression that 
involves incisions above and below the clavicle 
[3, 5, 11]. This approach permits more complete 
first rib resection and more thorough venous 
decompression that can be obtained through 
alternative approaches, as well as optimal 
exposure to accomplish direct subclavian vein 
reconstruction when necessary. This approach 
also allows completion of these steps to be 
accomplished during a single operative proce- 
dure and hospital stay, with excellent functional 
outcomes in a large and ongoing clinical series. 





Surgical Technique 
Preparation 
Anticoagulation is discontinued the evening prior 


to operation, and a 72-h scopolamine patch is 
prescribed to held diminish postoperative nausea 
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related to the anesthetic. On the morning of sur- 
gery, a fresh intravenous catheter is placed into a 
forearm vein of the affected upper extremity and 
an additional route of intravenous access is placed 
in the contralateral upper extremity, but no cen- 
tral venous or intra-arterial monitoring lines are 
used. The patient is positioned supine on an oper- 
ating table compatible with C-arm portable 
fluoroscopy, to permit intraoperative angiogra- 
phy with views of the shoulder and neck. After 
the induction of general endotracheal anesthesia, 
the head of the bed is elevated 30°, and the neck 
is extended and turned to the opposite side with a 
small inflatable cushion placed behind the neck. 
The neck, chest, and entire affected upper extrem- 
ity are prepped into the field. The affected arm is 
wrapped in stockinet, to permit free range of 
movement during the operation and easy access 
to the forearm and wrist, and the arm is held in 
position across the abdomen. The ipsilateral thigh 
may be included in the sterile field to provide 
access to the greater saphenous vein. 


Supraclavicular Exposure (Fig. 63.1) 


Paraclavicular decompression for venous TOS 
begins with supraclavicular exposure. This has 
been previously describe in Chap. 29 and the 
most important points and those salient for VTOS 
will be described below. 

A conventional supraclavicular incision is 
made (Fig. 63. 1a) and the scalene fat pad exposed. 
The small supraclavicular cutaneous nerves 
crossing the operative field are divided if neces- 
sary to ensure adequate exposure. The omohyoid 
muscle is identified and its central portion is 
excised. One of the key elements in simplifying 
the supraclavicular exposure is proper mobiliza- 
tion and lateral reflection of the scalene fat pad. 
This begins with detachment of the scalene fat 
pad at the lateral edge of the internal jugular vein 
and along its inferior edge behind the clavicle, 
followed by gentle blunt dissection to progres- 
sively elevate the fat pad in a medial to lateral 
direction, exposing the surface of the anterior 
scalene muscle. The phrenic nerve is identified 
coursing in a superolateral to inferomedial direc- 


tion upon the surface of the anterior scalene mus- 
cle, and the thoracic duct is usually observed at 
the medial edge of the scalene fat pad coursing 
toward the junction of the internal jugular and 
subclavian veins (more consistently present on 
the left side than the right) (Fig. 63.1b). 

Attention is next turned to the insertion of the 
anterior scalene muscle upon the first rib, where 
the muscle is circumferentially dissected taking 
care to protect the phrenic nerve, the subclavian 
artery, and the brachial plexus nerve roots. The 
anterior scalene muscle is sharply divided from 
the bone under direct vision, using a scissors 
rather than the electrocautery, to avoid any inad- 
vertent thermal injury to the adjacent structures 
(Fig. 63.1c). The inferior end is lifted superiorly 
and detached from the underlying subclavian 
artery, brachial plexus nerve roots, and extrapleu- 
ral (Sibson’s) fascia (Fig. 63.1d). A scalene mini- 
mus muscle anomaly is often observed at this 
stage, characterized by muscle fibers that pass 
between individual nerve roots of the brachial 
plexus, and these fibers are resected. The anterior 
scalene muscle is passed underneath the phrenic 
nerve to its medial side, and the dissection of the 
muscle is carried further superiorly to the C6 
transverse process and removed. 

At this stage it is now possible to identify all 
five nerve roots comprising the brachial plexus. 
In operations for VTOS the brachial plexus nerve 
roots are mobilized primarily to avoid injury, but 
in the event that they are found to be encircled by 
fibroinflammatory scar tissue a more complete 
external neurolysis is performed to help diminish 
the later development of neurogenic symptoms. 

Medial retraction of the brachial plexus 
exposes the broad oblique attachment of the mid- 
dle scalene muscle on the posterolateral first rib. 
The mid-portion of the muscle is penetrated by 
the long thoracic nerve, which is often repre- 
sented by two or three branches at this level rather 
than a single nerve. The insertion of the middle 
scalene muscle is carefully divided from the top 
of the first rib initially using the electrocautery, 
and a periosteal elevator is used as the dissection 
proceeds more posteriorly along the surface of 
the first rib (Fig. 63.le). The portion of the mid- 
dle scalene muscle lying anterior to the long tho- 
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Fig. 63.1 Supraclavicular decompression for venous 
TOS. (a) Illustration of supraclavicular and infraclavicu- 
lar incisions. (b) Initial supraclavicular exposure follow- 
ing mobilization and lateral reflection of the scalene fat 
pad, demonstrating the phrenic nerve, anterior scalene 
muscle, brachial plexus, middle scalene muscle. (c) 
Sharp division of the anterior scalene muscle from its 
insertion on the first rib. (d) Resection of the anterior 
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scalene muscle, along with any additional scalene mini- 
mus muscle and/or aberrant fibrofascial bands. (e) 
Division of the middle scalene muscle from the upper 
surface of the posterolateral first rib. (f) Division of 
intercostal muscle along the lateral edge of the first rib. 
(g) Division of the posterior neck of the first rib. 
(h) Smoothing the posterior end of the divided first 
rib with a Kerrison rongeur 


perome end of 
posterior first rib 





Protection of 
T1 nerve root 





63 Surgical Techniques: Operative Decompression Using the Paraclavicular Approach for VTOS 


437 





racic nerve is excised, and any remaining middle 
scalene muscle is detached from the posterior 
surface of the first rib. It is notable that cervical 
rib anomalies may be encountered at this stage, 
since they arise within the same tissue plane as 
the middle scalene muscle. 

While protecting the brachial plexus and long 
thoracic nerve, the intercostal muscle along the 
posterolateral aspect of the first rib is divided 
with the electrocautery or periosteal elevator 
(Fig. 63.1f), a right-angle clamp passed under- 
neath the rib is used to further detach intercostal 
muscles, and a modified Stille-Giertz rib cutter is 
used to divide and excise a small segment of the 
posterior first rib (Fig. 63.1g). A Kerrison bone 
rongeur is used to smooth the posterior end of the 
rib to a level immediately medial to the course of 
the underlying T1 nerve root, and the edge of 
the bone is sealed with bone wax (Fig. 63.1h). 
The free end of the divided first rib is elevated, 
and a fingertip is passed forward along the under- 
surface of the rib to bluntly separate additional 
extrapleural fascia and intercostal muscle attach- 
ments to the level of the anterior scalene tubercle. 
Although in operations for neurogenic and arte- 
rial TOS the first rib is next divided just medial to 
the scalene tubercle and removed, in operations 
for venous TOS the anterior portion of the first 
rib is not divided at this stage and the procedure 
is continued by moving to the infraclavicular por- 
tion of the operation. 


Infraclavicular Exposure and First Rib 
Resection (Figs. 63.2 and 63.3) 


Removal of the anterior portion of the first rib 
is crucial in the treatment of venous TOS, since 
the subclavian vein crosses underneath the clav- 
icle and over the first rib very close to the junc- 
tion of the rib with the sternum. However, the 
anteromedial portion of the first rib cannot be 
sufficiently exposed for resection solely through 
the supraclavicular approach. To accomplish 
this, a second transverse skin incision is made 
one fingerbreadth below the medial clavicle, 


extending laterally from the edge of the sternum 
for approximately 6 cm (Fig. 63.2a). The incision 
is carried through the subcutaneous tissue to the 
level of the pectoralis major muscle fascia and 
subplatysmal flaps are developed (Fig. 63.3). A 
plane of separation is created between the upper 
and middle portions of the pectoralis major 
muscle, allowing exposure of the first rib with- 
out muscle division (Fig. 63.3c). The cartilagi- 
nous anterior portion of the first rib is identified 
by palpation, which is facilitated by applying 
downward pressure to the divided end of the 
posterior first rib with a finger placed into the 
previous supraclavicular incision (Fig. 63.2a). 
This places the attachments between the medial 
first rib and clavicle under tension, allowing the 
medial portion of the first rib to be more eas- 
ily dissected from its soft tissue attachments 
through the infraclavicular incision (Fig. 63.3d). 
The subclavius muscle tendon, the costoclavicu- 
lar ligament, and the muscles of the first inter- 
costal space are divided from the surface of the 
first rib under direct vision, extending medially 
to the edge of the sternum, taking care to avoid 
the sternoclavicular joint (Fig. 63.2b). The car- 
tilaginous portion of the first rib is then divided 
adjacent to the sternum using the cutting elec- 
trocautery, curved Mayo scissors, and/or a duck- 
billed rongeur. The first rib is then detached 
from any remaining soft tissues and removed 
from the operative field as a single specimen 
(Figs. 63.2c, 63.3e). 


Exposure of the Subclavian Vein 


The axillary-subclavian vein is initially identified 
as it passes underneath the midportion of the 
clavicle, as visualized through the lateral portion 
of the infraclavicular incision (Fig. 63.3f). The 
vein is carefully separated from the subclavius 
muscle moving toward the medial aspect of the 
surgical field, and any collateral vein branches 
that enter the subclavian vein are ligated and 
divided. Once the vein has been sufficiently sep- 
arated from underneath the subclavius muscle, 
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Fig. 63.2 Infraclavicular decompression for venous 
TOS. (a) A transverse infraclavicular incision is made 
directly over the palpable anterior first rib, which can be 
easily identified by motion felt when the posterior portion 
of the rib is pressed inferiorly with a fingertip in the supra- 
clavicular incision. (b) The soft tissues attaching to the 
anteromedial first rib (subclavius muscle tendon and cos- 
toclavicular ligament) are divided and the rib is com- 
pletely exposed. (c) The first rib is divided at its junction 
with the sternum and the entire specimen is removed. The 
axillary-subclavian vein can then be identified from the 
infraclavicular exposure and traced proximally (exposure 
of the proximal segment of the vein is accomplished 
through the supraclavicular exposure). (d) Resection of 
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fibrous scar tissue from around the axillary-subclavian 
vein (external circumferential venolysis) may allow the 
vein to re-expand to a normal diameter, in which case fur- 
ther reconstruction may not be necessary. (e) Subclavian 
vein reconstruction by vein patch angioplasty, extending 
from the normal vein lateral to the stenosis to the innomi- 
nate vein proximal to the stenosis. (f) Subclavian vein 
reconstruction by interposition bypass graft, placed from 
the distal subclavian (or axillary) vein to the innominate 
vein. (g) An adjunctive temporary radiocephalic arterio- 
venous fistula is created when axillary-subclavian vein 
reconstruction has been performed, to be ligated under 
local anesthesia 12 weeks after the initial operation 
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Fig. 63.3 Operative photographs depicting initial phase 
of paraclavicular decompression for venous TOS. (a): 
Preoperative venograms demonstrating thrombotic occlu- 
sion of the axillary-subclavian vein at initial presentation, 
with improvement following thrombolytic treatment. (b) 
Operative incisions following the initial supraclavicular 
decompression, at the start of the infraclavicular exposure. 
(c) Guided by palpation of the anterior first rib, the infra- 
clavicular exposure is carried through a plane between the 
upper and middle portions of the pectoralis major muscle, 
without division of the muscle (arrow). (d) After exposure 
of the anterior first rib, a finger is passed from the supra- 
clavicular exposure to the infraclavicular incision along 
the surface of the rib to protect the neurovascular bundle 
during resection of the remaining attachments to the rib. 
The inset demonstrates an area of calcification and a 


previous occult fracture in the anterior first rib. (e) The 
entire first rib specimen is resected and removed from the 
infraclavicular exposure. (f) The axillary-subclavian vein 
(ASCV) is initially identified and exposed through the 
infraclavicular exposure, just underneath the clavicle fol- 
lowing resection of the subclavius muscle, where it is cir- 
cumferentially dissected free of surrounding fibrous scar 
tissue. (g) The proximal portion of the axillary-subclavian 
vein (ASCV) is next dissected from the supraclavicular 
exposure and dissected to its junction with the internal 
jugular vein (JV) and innominate vein (nnV). In this case 
there was fibrous wall thickening in the subclavian vein 
immediately past the jugular-innominate vein junction. 
(h) An intraoperative venogram is performed through an 
intravenous catheter previously placed in the forearm, to 
determine if subclavian vein reconstruction is needed 
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Fig. 63.3 (continued) 


this muscle and its tendon are resected. Any 
fibrous scar tissue around the infraclavicular 
portion of the axillary-subclavian vein is resected 
and the underlying vein is assessed, taking note 
of its caliber, compressibility, and any palpable 
wall thickening or thrombotic obstruction. If the 
segment of the vein underneath the clavicle 
appears to be obstructed or if the patient is 
known to have a long-segment occlusion based 
on preoperative venograms, the axillary-subcla- 
vian vein is traced laterally until a more suitably 
soft and patent segment of the vein is identified. 
In this event it may be necessary to divide the 
pectoralis minor muscle close to its insertion on 
the coracoid process, oversewing the divided 
inferior edge of the muscle with interrupted silk 
sutures. 

Further exposure of the proximal subclavian 
vein is best achieved through the previously 
established supraclavicular exposure. This is ini- 
tiated along the portion of the subclavian vein 
that underlies the clavicle in the inferolateral 
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Infraclavicular exposure 


aspect of the supraclavicular exposure, often in 
continuity with the exposure obtained through 
the infraclavicular incision, and it is continued 
medially along the course of the subclavian vein 
toward its junction with the internal jugular 
vein to form the innominate (brachiocephalic) 
vein (Fig. 63.3g). It is important to identify a 
large collateral vein that consistently arises from 
the top of the subclavian vein immediately 
underneath the clavicle; once this collateral vein 
has been satisfactorily ligated and divided, the 
subclavian vein will be able to fall away from the 
clavicle, allowing complete exposure to its junc- 
tion with the internal jugular and innominate 
veins. The internal jugular vein is fully exposed 
for several centimeters above its junction with 
the subclavian vein, and the innominate vein is 
exposed for several centimeters beyond this junc- 
tion into the upper mediastinum. During this dis- 
section the course of the phrenic nerve into the 
upper mediastinum must be carefully noted, and 
the nerve protected where it passes underneath 
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the subclavian vein. In some situations the 
phrenic nerve (or a more lateral accessory 
phrenic nerve) may be found to pass anterior to 
the subclavian vein, thereby contributing to 
venous obstruction; in this event the nerve is 
mobilized away from the subclavian vein but it is 
not divided. 


External Subclavian Venolysis 
and Venography 


At this stage in the procedure the pathological 
changes in the central portion of the subclavian 
vein can be fully assessed visually and by digital 
palpation. Although there may be no evidence of 
thrombotic luminal obstruction, particularly if 
the patient had undergone successful thromboly- 
sis prior to surgery, the subclavian vein typically 
harbors a focal area of fibrous wall thickening 
resulting from chronic repetitive injury. Any 
residual scar tissue surrounding the proximal 
portion of the subclavian vein is therefore com- 
pletely excised (“circumferential external venol- 
ysis”), which often results in re-expansion of the 
previously constricted segment of the vein 
(Fig. 63.2d). Indeed, if there is no focal reduction 
in the diameter of the vein following complete 
external venolysis, if the vein is soft and easily 
compressible to palpation, and if the vein shows 
evidence of rapid filling and emptying with 
respiratory variation, it is possible that no further 
venous reconstruction is necessary. In this event 
attention is turned to performance of an intraop- 
erative venogram to confirm that the subclavian 
vein is widely patent, in which case the operation 
will be completed at this stage. 

Upper extremity venography is performed 
using fluoroscopic visualization and digital sub- 
traction technique, with injection of 20-30 mL of 
full-strength iodinated contrast through the previ- 
ously-placed forearm vein, and a_ tourniquet 
placed gently around the upper arm to ensure that 
there is adequate contrast filling the deep veins 
rather than solely the cephalic vein (Fig. 63.3h). 
In our experience, decompression and external 
venolysis is sufficient to restore a widely patent 
axillary-subclavian vein in approximately 50 % 


of patients with venous TOS, even in those with a 
long-segment stenosis or apparent occlusion prior 
to operation. 


Subclavian Vein Reconstruction 
(Figs. 63.2 and 63.4) 


When external venolysis alone is insufficient to 
alleviate subclavian vein obstruction, or when the 
intraoperative venogram demonstrates a residual 
stenosis despite the apparent success of external 
venolysis (Fig. 63.4a), additional venous recon- 
struction is performed. A continuous infusion of 
Dextran (25 mL per hour) is started along with 
systemic anticoagulation with intravenous hepa- 
rin (approximately 5,000 units). A “spoon” vas- 
cular clamp is placed across the innominate vein 
from the infraclavicular incision, taking care not 
to damage posterior collateral veins within the 
mediastinum and to exclude the phrenic nerve. 
From the supraclavicular incision a second clamp 
is placed across the internal jugular vein several 
centimeters above the jugular-subclavian junc- 
tion, taking care to include the collateral veins 
that may enter this area on the medial side of the 
jugular vein. An angled DeBakey clamp is placed 
across the distal axillary-subclavian vein and any 
remaining collateral veins that enter the isolated 
segment of subclavian vein are controlled with 
separate bulldog clamps. 


Vein Patch Angioplasty 


As viewed best from the supraclavicular expo- 
sure, a longitudinal venotomy is initially created 
along the superior aspect of the proximal sub- 
clavian vein and the luminal surface is inspected 
(Fig. 63.4b). If there is only mild-moderate focal 
stenosis of the subclavian vein and the luminal 
surface is smooth and free of chronic thrombus or 
irregularity (following resection of any minimal 
intimal webs), a simple patch angioplasty is per- 
formed (Fig. 63.2e). In this event the venotomy is 
extended to span the entire length of the affected 
portion of subclavian vein, from a normal venous 
segment laterally into the anterior aspect of the 
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Fig. 63.4 Operative photographs depicting subclavian 
vein reconstruction for venous TOS. (a) Intraoperative 
venogram following paraclavicular first rib resection and 
external axillary-subclavian venolysis, demonstrating a 
residual focal high-grade stenosis of the proximal subcla- 
vian vein. (b) As viewed from the supraclavicular expo- 
sure, a long venotomy is created in the proximal subclavian 
vein and carried through the junction with the internal 
jugular vein (//V) into the anterior wall of the innominate 
vein (InnV). After resection of several fibrous webs the 
intraluminal surface appears smooth and free of thrombus, 
indicating its suitability for vein patch angioplasty. (c) 
A cryopreserved femoral vein is thawed and prepared. 
The vein graft will be opened longitudinally to provide a 
wide segment for patch angioplasty. (d) After completion 
of the patch angioplasty and removal of the vascular 
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Radiocephalic AV fistula | 


clamps, the subclavian vein is quickly distended with 
venous blood, the suture lines are intact, and the vein is 
soft and easily compressible to palpation. (e) A comple- 
tion venogram demonstrating a widely patent axillary- 
subclavian vein following patch angioplasty reconstruction. 
(f) When axillary-subclavian vein reconstruction is per- 
formed, an adjunctive radiocephalic arteriovenous fistula 
is created at the wrist. (g) Prior to wound closure two mul- 
tihole perfusion catheters are placed within the operative 
field and attached to an osmotic minipump, to provide 
several days of continuous perineural administration of 
local anesthetic (0.5 % bupivacaine) as an adjunct to post- 
operative pain management. (h) A closed-suction drain is 
placed within the operative field with the tip extending 
into the pleural space, and the paraclavicular wounds are 
closed 
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Fig. 63.4 (continued) 


innominate vein (we have previously extended this 
venotomy along the lateral aspect of the internal 
jugular vein, but now prefer an inferior extension 
into the innominate vein to improve the geometry 
of the reconstruction). The vein patch angioplasty 
is constructed with a segment of cryopreserved 
femoral vein measuring approximately 10-14 mm 
in diameter (opened longitudinally with the valves 
lysed prior to use), which provides a readily avail- 
able conduit with sufficient size to expand the 
subclavian vein (we have previous constructed 
vein patches of this type with autogenous saphen- 
ous vein, but have frequently found this to be of 
insufficient caliber for a satisfactory reconstruc- 
tion) (Fig. 63.4c). The vein patch is attached with 
running 5-0 polypropylene utilizing numerous 
“stay” sutures to optimize the geometry, and to 
avoid obstructive kinking of the patched segment 
of vein once it is distended under physiological 
conditions in the upright position (Fig. 63.4d). 
A completion venogram is performed to verify 
that the subclavian vein reconstruction is satisfac- 
tory, with a widely patent lumen, rapid venous 
flow into the innominate vein, and the absence of 
collateral vein filling (Fig. 63.4e). 


Vein Graft Bypass 
When there is a chronic subclavian vein occlusion 


or an obstructed indwelling stent, dense fibrosis 
remaining within the wall of the subclavian vein 


despite external venolysis, or another obvious 
abnormality upon inspection of the luminal sur- 
face of the opened vein, the affected segment of 
the subclavian vein is replaced by an interposition 
bypass graft (Fig. 63.2f). The proximal subclavian 
vein is excised from an opening in the lateral edge 
of the jugular-innominate vein junction, extend- 
ing the venotomy into the anterior wall of the 
innominate vein (as visualized through the supra- 
clavicular incision), and the distal subclavian vein 
is divided on a long bevel at a location where there 
is a normal segment of axillary-subclavian (visu- 
alized through the infraclavicular incision), and 
the intervening segment of the native subclavian 
vein is removed. As noted above, we prefer the 
use of a cryopreserved femoral vein as the conduit 
for subclavian vein bypass, since the autologous 
saphenous vein is of insufficient size and would 
require construction of a “panel” graft for use. 
The proximal anastomosis is performed first to 
ensure optimal visualization of the opening in the 
innominate vein, and its construction is most eas- 
ily accomplished through the supraclavicular inci- 
sion. An end-to-side anastomosis is created with a 
long bevel using running 5-0 polypropylene 
suture. The clamps are then released from the 
innominate and jugular veins to restore flow and 
an atraumatic vascular clamp is replaced onto the 
vein bypass graft near the proximal suture line. 
The vein bypass graft is passed underneath the 
clavicle, taking care to avoid any kinking or twist- 
ing, and is brought into comfortable apposition 
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with the distal segment of axillary-subclavian 
vein. The distal anastomosis is most easily con- 
structed by visualization through the infraclavicu- 
lar incision, and is constructed in an end-to-end 
manner to the unaffected distal subclavian vein. 
Venous flow is restored after removal of all clamps, 
the suture lines are inspected, and the geometry of 
the vein graft is observed throughout its course. 
Finally, a completion intraoperative venogram is 
performed to confirm a satisfactory subclavian 
vein reconstruction. 


Adjunctive Arteriovenous Fistula 


For many years our operative approach to venous 
TOS has included the construction of a temporary 
radiocephalic arteriovenous (AV) fistula whenever 
an axillary-subclavian vein reconstruction has 
been performed (patch angioplasty or interposition 
bypass graft), as an adjunct intended to increase 
upper extremity venous blood flow during the first 
several months after operation (Fig. 63.2g). This 
is constructed using a short incision in the wrist 
of the affected extremity for exposure of the dis- 
tal radial artery and cephalic vein (Fig. 63.4f). 
This AV fistula is subsequently ligated under 
local anesthesia 12 weeks after the initial surgi- 
cal treatment, at which time a final follow-up con- 
trast venogram is also performed to evaluate the 
axillary-subclavian vein reconstruction. 


Closure, Postoperative Care, 
and Recovery (Fig. 63.4) 


Upon completion of the procedure the pleural 
apex is opened to facilitate postoperative drain- 
age of fluid into the chest cavity. A #19 Blake 
closed-suction drain is placed within the superior 
operative field lying posterior to the brachial 
plexus, with its tip extending into the pleura. Two 
small multihole perfusion catheters connected to 
an osmotic pump (On-Q, Kimberly-Clark 
Healthcare, Inc.) are placed into the operative 
field and positioned near the brachial plexus and 
bed of the resected first rib, for continuous post- 
operative infusion of local anesthetic (0.5 % 
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bupivacaine for 3 days), which we have found to 
substantially improve early pain control 
(Fig. 63.4g). The scalene fat pad is restored to its 
anatomic position and held in place with several 
tacking sutures. The platysma layer is closed with 
interrupted sutures and the skin is closed with 
subcuticular stitches (Fig. 63.4h). 

Postoperative care includes ample use of 
intravenous and oral pain medications, muscle 
relaxants, and anti-inflammatory agents. The 
potential complications of surgery are similar 
to those considered in other operations for TOS, 
as well as those related to venous reconstruction 
(Table 63.1). Chest radiographs are obtained for 
several days to monitor any collection of pleural 
fluid, which typically resolves over the course 
of the first week. The expected hospital stay is 
4—5 days, with the closed-suction drain removed 
in the outpatient setting approximately 7 days 
after operation. 

Therapeutic anticoagulation is initiated sev- 
eral days after operation with intravenous heparin 
(with or without the addition of aspirin or clopi- 
dogrel), followed by low molecular weight hepa- 
rin and conversion to warfarin. Anticoagulant 
and antiplatelet agents are maintained until 
12 weeks after operation then discontinued. For 
patients with venous TOS and a patent AV fistula, 
followup imaging studies are not performed in 
the absence of any symptoms of venous obstruc- 
tion. These individuals then undergo outpatient 
ligation of the AV fistula under local anesthesia 


Table 63.1 Potential complications of surgical treatment 
for venous TOS 

Subclavian artery injury/intraoperative hemorrhage 
Subclavian vein injury/intraoperative hemorrhage 
Brachial plexus nerve injury or postoperative paresis 
Phrenic nerve injury or postoperative paresis 

Long thoracic nerve injury or postoperative paresis 
Pneumothorax or pleural effusion 

Postoperative lymph leak 

Residual subclavian vein obstruction or early 
postoperative re-thrombosis 

Postoperative bleeding/wound hematoma/excessive 
anticoagulation 

Late postoperative axillary or subclavian vein 
obstruction or re-thrombosis 
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12 weeks after the primary operation, at which 
time followup contrast venography can also be 
performed. 

Inpatient physical therapy is started the day 
after operation to maintain range of motion, with 
postoperative rehabilitation then overseen by a 
physical therapist with expertise in the manage- 
ment of TOS, usually in conjunction with a physi- 
cal therapist located near the patient. Activity is 
gradually increased over the first 4-6 weeks after 
operation, with patients able to return to most sed- 
entary activities, and restrictions on upper extrem- 
ity activity are progressively lifted between 6 and 
12 weeks. For manual laborers and athletes, recov- 
ery is typically considered fully complete within 
12 weeks of operation and a full return to previ- 
ous levels of function can usually be expected. 




















Conclusions 

As described in this chapter, our approach to 
the treatment of venous TOS involves a com- 
prehensive strategy based on paraclavicular 
thoracic outlet decompression [3]. This 
approach to the surgical treatment of venous 
TOS combines the advantages of the supra- 
clavicular exposure used for neurogenic and 
arterial forms of TOS with an infraclavicular 
exposure that permits complete resection of 
the medial first rib, as well as wide exposure 
of the subclavian vein to permit vascular 
reconstruction. In a surgical experience that 
now exceeds several hundred procedures using 
this approach, we have been able to offer 
definitive surgical treatment to virtually all 
patients with symptomatic venous TOS or 
recent effort thrombosis, regardless of the 
interval between initial diagnosis and referral, 
previous treatment, or adverse findings on 
contrast venography. A recent review of our 
results in competitive athletes with effort 
thrombosis, a particularly challenging popula- 
tion, verifies that this strategy of surgical treat- 
ment can result in excellent early and long-term 
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Claviculectomy for VTOS 


Karl A. Illig 


Abstract 


Removal of the clavicle yields superb exposure of the entire axillary- 
subclavian-inominate vein complex, and leads to the most complete expo- 
sure possible for venous reconstruction, bypass, or replacement. At least 
two-thirds of the clavicle should be resected to avoid problems from the 
residual lateral segment; if this is done, long-term functional outcome is 


excellent. 


Introduction 


While supraclavicular exposure provides excel- 
lent access to the middle and posterior part of 
the first rib and transaxillary exposure to the 
anterior part, neither provides exposure to the 
subclavian vein itself. Various techniques have 
been described, including Molina’s “sternal 
flap” (essentially disarticulating the clavicle, 
but leaving the junction intact) [1] and infra/ 
supraclavicular (“paraclavicular’”) exposure 
popularized by Thompson [2], but neither pro- 
vide consistent, continuous exposure to the 
vein itself with room to perform any interven- 
tion needed. Claviculectomy opens this area in 
its entirety, is surprisingly well tolerated, and 
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should be considered for patients in whom com- 
plex venous resection is required. 


Technique 


Claviculectomy itself is relatively straightfor- 
ward. An incision is made over the clavicle, and 
cautery is used to expose the bone itself. The 
operation is classically described as a “medial 
claviculectomy,” but we and others stress that at 
least two-thirds of the clavicle needs to be 
removed [3, 4]. Leaving too much clavicle in 
place produces a very mobile bone, which can 
either stick up and be cosmetically unattractive 
and painful, or worse, can be forced downward, 
creating a secondary thoracic outlet syndrome of 
any variety. Resecting as much of the bone as 
possible eliminates this problem. 

Once the bone is identified, it is cleaned using a 
periosteal elevator. A large right-angle clamp can 
be used to get around the midportion of the bone 
circumferentially, and this can then be moved 
medially and laterally to divest the bone from the 
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underlying subclavius muscle. There is fear some- 
times at this point that the vein is close enough to 
be injured, but in actuality the subclavian muscle 
and a significant amount of soft tissue remains, 
and the vein is quite safe with this maneuver. 

At this point, an oscillating saw is used to 
divide the bone at least two-thirds of the way 
toward the shoulder. The bone is then elevated 
and dissection continued toward the costaclavic- 
ular junction. Especially inferiorly and medially, 
attachments can be tight, and this can be a sur- 
prisingly difficult part of the operation. 
Perseverance is the best tool. The goal is to for- 
mally disarticulate the clavicle from the sternum 
itself; no clavicle should be left behind medially 
but articular cartilage does not need to be 
removed. 

At this point the bed of the clavicle is exposed. 
As described above, the vein is still deep to this. 
The subclavius muscle is the main structure 
remaining, although it is often indistinguishable 
from the surrounding tissue. The muscle and 
associated soft tissue should be resected, with 
attention paid to the vein at this point. The vein 
can be surprisingly hard to find, especially if 
obliterated in a patient with chronic stenosis or 
occlusion. A useful technique is to find a tribu- 
tary vein (such as the cephalic) and follow it 
deeply until the main vein can be found. Large 
collateral veins can, at times, be mistaken for the 
subclavian vein, and dissection should be thor- 
ough enough to clearly identify normal axillary- 
subclavian vein peripherally and normal 
innominate vein centrally. Obviously, enough 
vein should be cleared at both locations for ade- 
quate clamping. If jugular transposition/turndown 
is contemplated, a separate incision is required as 
significant length of vein is needed. 

Using this technique, superb exposure of as 
much of the axillary-subclavian-innominate vein 
family as is needed can be obtained. Recon- 
struction, covered elsewhere, may include patch 
venoplasty with internal venolysis, jugular vein 
turndown, or even interposition grafting with 
paneled saphenous vein, femoral vein, or, occa- 
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sionally, prosthetic. The clavicle should be 
discarded; trying to reattach this risks chronic 
malunion and long-term pain. It should be noted 
that the first rib can easily be resected once the 
clavicle is out, but this is not needed as the tho- 
racic outlet is fully decompressed already (we 
have one patient with staged first rib and clavicle 
excisions who is symptom free several years after 
his last procedure). 








Results 


Clavicular resection is surprisingly well toler- 
ated, even in healthy, competitive athletes. We 
have performed approximately 20 medial clavi- 
culectomies over the past two decades. Green 
reported our first decade’s experience in 2000 
[3]. Eleven patients were operated on, all for 
venous TOS, and followup occurred (in all 11) at 
a mean of 6 years (range 3-9 years). All patients 
(all young) returned to their preoperative voca- 
tion, four of which involve heavy labor. No 
patient describes any limitation of shoulder func- 
tion, all 11 consider their operation “completely 
successful” from a functional standpoint, and 
only two are bothered by the cosmetic results. All 
reconstructed veins were patent, and only one 
patient had slight swelling with exertion. 

An illustrative case is a patient with highly 
symptomatic VTOS who was operated on at our 
institution approximately 7 or 8 years ago. After 
clavicular resection (and jugular transposition), 
he went on to be Captain of his Ski Team at his 
Ivy League college and was named a Division I 
All-American. Currently a vascular surgery resi- 
dent, he remains quite physically active and 
reports absolutely no functional problems from 
the claviculectomy. 

As described above, at least two-thirds of the 
clavicle must be removed, as an overly-long 
lateral segment can be cosmetically unsightly 
(Fig. 64.1) at best, and protrude downward into 
the thoracic outlet, creating secondary problems, 
at worst. There are several reports of total 


64 Surgical Techniques: Medial Claviculectomy for VTOS 


Fig. 64.1 A patient with a 
residual, lateral mobile 
clavicular segment illustrating 
the drawbacks of leaving too 
much clavicle in place 
(Reprinted from Green et al. 
[3] with permission from 
Elsevier) 


claviculectomy in the orthopedic literature, and, 
although a bit dated, show that function is excel- 
lent [5, 6]. Patients, for example, can play golf, 
swim, and hunt. A 1947 paper, in fact, describes 
a family with 9 members who were born without 
clavicles and perform manual labor (farming) 
without problems [7]. 


Summary 


While clavicular resection is not the first choice 
in dealing with VTOS, it provides superb expo- 
sure of as much vein as needed for reconstruction 
and is quite well tolerated. It should be stressed 
that at least two-thirds of the clavicle should be 
resected to avoid problems from the residual lat- 
eral segment; if this is done, long-term functional 
outcome is excellent. 
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Abstract 


Following subclavian vein thrombosis, even when thrombolysis and tho- 
racic outlet decompression have been successful, some patients may still 
be symptomatic and require some type of venous reconstruction. The pro- 
cedures available include endovenectomy and patch graft, interposition 
replacement graft, and jugular vein turndown (also called jugular transpo- 
sition). The addition of a temporary arteriovenous fistula will increase 
blood flow through the venous repair to reduce the incidence of postopera- 


tive thrombosis. 


Introduction 


Even after successful thrombolysis and thoracic 
outlet decompression, many patients will still 
require some form of venous reconstruction. 
Authors’ and clinicians’ attitudes vary widely as 
to the number of patients who will need this (lit- 
erally from zero to every patient) and it should be 
stressed that no randomized comparisons exist. 


Indications 


Reconstruction may be performed early, imme- 
diately following thrombectomy, or in a delayed 
fashion. If after thrombolytic therapy there is 
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significant residual stenosis or if lytic therapy 
has failed, some surgeons perform open 
thrombectomy and endovenectomy at the time 
of first rib resection to decompress the subcla- 
vian vein. Thus, the external (ligaments, mus- 
cles, and first rib that surround the vein) and 
internal (fibrosis and organized thrombus) fac- 
tors causing subclavian vein thrombosis are 
treated simultaneously [1]. 

Other surgeons defer surgery following suc- 
cessful or even unsuccessful lytic therapy and 
follow the patient on anticoagulants. Surgery 
may be performed a few weeks later while some 
physicians will only perform surgery for persis- 
tent symptoms. 

For chronic subclavian vein occlusion, or 
when occlusion persists in spite of treatment and 
when symptoms present significant disability, 
subclavian vein reconstruction is available. 
However, reconstruction should not be consid- 
ered until several months have passed after occlu- 
sion occurred. The reason for this is collateral 
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circulation can develop during the first 6-12 
months following occlusion. In the majority of 
patients symptoms subside to the point where 
they are no longer disabling and the residual 
symptoms are mild enough that surgery is not 
needed. 

If reconstruction is indicated three approaches 
are available: jugular vein turndown, endo- 
venectomy, or replacement with vein graft or 
prosthesis. 


Incision 


All subclavian vein reconstructions are performed 
through one of two incisions: Claviculectomy or 
infraclavicular. There are advantages and disad- 
vantages to each. Claviculectomy provides the 
best exposure but at the risk of some complica- 
tions from removing one of the supports of the 
shoulder girdle (see Chap. 64). In a minority of 
patients instability of the shoulder girdle may 
cause some impairment particularly for young 
active people who do heavy lifting with their 
arms [2], although the majority of patients who 
have received claviculectomy are happy with the 
end result and experience no disability [3]. 

Infraclavicular incisions preserve the clavicle 
but the exposure is not as good and the procedure 
is more difficult, especially in large patients. 





Claviculectomy 


Claviculectomy is covered in more detail in 
Chap. 64, but a few points are worth emphasiz- 
ing. Excision of the clavicle provides the best 
exposure for all patients, but especially in the 
obese. As much as possible of the clavicle should 
be removed(at least two-thirds to three-quarters); 
removing a shorter length carries a risk of the 
medial end of remaining clavicle dropping onto 
the neurovascular bundle causing symptoms of 
venous obstruction or brachial plexus compres- 
sion, and from a disability point of view there is 
no difference between excision of a short or long 
segment of clavicle. The periosteum should be 
removed to avoid regeneration of what could 
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become weak bone, and the clavicular head is 
disarticulated at the sternum [3, 4]. 


Infraclavicular Incision 


The infraclavicular incision is used far more often 
than claviculectomy. An 8—10 cm transverse inci- 
sion is made just lateral to the sternum and 2 cm 
below the clavicle. Pectoralis major is split in the 
direction of its fibers, and the subclavian and 
axillary veins are dissected free. Depending on 
the type of reconstruction to be done, the pectora- 
lis minor muscle may be divided for better expo- 
sure of the axillary vein. The anterior two-thirds 
of the first rib should be excised prior to perform- 
ing endovenectomy or replacement graft but the 
first rib need not be removed for a jugular vein 
turndown. First rib resection includes release of 
the anterior scalene and middle scalene muscles. 
The posterior part of the first rib is difficult to 
excise through this incision but when possible, 
enough rib is removed to leave the lower trunk of 
the brachial plexus free of the posterior rib 
stump. 

















Sternal Split 


When the thickened portion of subclavian vein 
extends proximally beneath the sternum, the 
proximal subclavian vein is exposed by carefully 
freeing the vein from the back of the sternum by 
blunt dissection. When enough soft vein cannot 
be freed to apply a proximal vascular clamp, bet- 
ter exposure can be obtained by splitting the ster- 
num to the first interspace as described by Molina 
(this is also an alternative to claviculectomy for 
access to the infraclavicular subclavian vein) [5]. 
The medial corner of the skin incision is retracted 
medially to expose the sternal notch. It may be 
necessary to extend the skin incision medially to 
see the notch. The periosteum of the sternum is 
incised and by finger dissection the underside of 
the sternum is freed down to the first interspace. 
More blunt dissection is added under the first rib 
interspace until the two dissections meet. 
A sternal knife or saw splits the sternum vertically 
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Fig. 65.1 Sternal flap for 
exposure of subclavian, 
innominate, and jugular 
veins (Reprinted from 
Molina [5] with permission 
from Elsevier) 


down to the first interspace and horizontally 
through the first interspace until the two cuts 
meet. After controlling hemorrhage from the 
bone edges with bone wax, the freed piece of 
sternum is retracted upwards, held by a self- 
retaining retractor, and the entire venous system 
including innominate, subclavian, axillary, and 
jugular veins are nicely exposed (Fig. 65.1) [5]. 

Once the vein repair is complete and hemosta- 
sis achieved, the sternum is repaired with 3 or 4 
heavy braided Dacron or wire sutures inserted 
through predrilled holes. Although the original 
description of the sternal closure used only two 
wire sutures, we have found adding an additional 
one or two sutures makes the closure more secure. 
Postoperatively, the patient is instructed to restrict 
use of the arm for 6-8 weeks but also to gently 
raise the arm each day to 180° to avoid a frozen 
shoulder. 


Subclavian Endovenectomy 
and Interposition Graft 





These techniques are used in situations where 
“significant” (variously and subjectively defined) 
intraluminal stenosis or complete occlusion are 
present, and require exposure as above. Again, 
definitive proof is lacking; some advocate 








reconstruction in virtually all patients and some 
only in those who are highly symptomatic. 





Preoperative Evaluation 


A venogram is essential to confirm adequate inflow 
from the brachial vein as well as to define the 
extent of axillosubclavian vein stenosis or occlu- 
sion. The procedure can’t be performed if inflow is 
inadequate, and accurate assessment of a normal 
central vessel for outflow is critically important. 


Technique 


Following claviculectomy or infraclavicular 
exposure and first rib resection, the subclavian 
vein is dissected circumferentially as far distally 
as necessary to find soft axillary vein. Branches 
are preserved and controlled with vessel loops. 
By lifting the vein on a right angle clamp to iden- 
tify absence of intraluminal material the distal 
and proximal points of the venotomy can be 
determined. To find soft vein proximally it is 
often necessary to carefully dissect the vein 
beneath the sternum, and if soft vein cannot be 
reached centrally, the sternum is split as described 
above. 
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Fig.65.2 Endovenectomy. (a) Location of incision in vein. (b) Scissors excision of scarred intima. (c) Vein patch graft 
(Reprinted from Sanders and Haug [7], p. 252 with permission from Lippincott Williams & Wilkins) 


Endovenectomy 


The patient is heparinized and the section of vein 
to be opened is isolated between vascular clamps. 
Venotomy is performed and a patent channel 
sought. Organized thrombus and scarred intima 
are excised (Fig. 65.2). It should be stressed that 
there are no dissection planes between intima and 
adventitia as in arterial endarterectomy; endove- 
nectomy is a totally different operation. The 
scarred material inside the vein wall is excised 
with a sharp scissors taking care to avoid getting 
too close to the adventitia and perforating the vein 
wall, and a rim of firmly attached rough-surfaced 
intima or organized clot, 1-2 mm thick, is left 
inside the vein wall. A patch of saphenous vein or 
homograft vessel is used to close the venotomy. 


Replacement Graft 


If the vein is too badly scarred or fibrosed so that 
a reasonable channel cannot be identified and 
developed, the obliterated segment is excised and 
replaced with a 10-14 mm graft, such as 


cryopreserved aortic homograft or a saphenous 
vein panel graft; prosthetic is not recommended 
in this situation. The graft is sewn proximally and 
distally with monofilament permanent suture 
(Prolene or similar). 

If the wound is dry the heparin need not be 
neutralized. The patient is started on warfarin 
immediately and after 24 h is started on intrave- 
nous heparin or subcutaneous low molecular 
weight heparin. Low molecular weight Dextran 
is started during surgery and continued for 
24-48 h postoperatively. Once the warfarin has 
reached therapeutic levels (INR =2-3) the hepa- 
rin is stopped. Anticoagulation with warfarin is 
continued for 3-6 months postoperatively. 


Jugular Turndown (Jugular Vein 
Transposition) 


If the length of occlusion is 5—6 cm long or less, 
a jugular vein turndown is possible [6]. Longer 
occlusions cannot be managed with a jugular 
turndown because the jugular vein won’t stretch 
any further. This procedure requires a normal 
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jugular vein on the ipsilateral side and an open 
jugular vein on the contralateral side. 


Preoperative Evaluation 


As for endovenectomy, a preoperative venogram 
is necessary to confirm adequate inflow and to 
determine the length of the total occlusion (again, 
an occlusion over 6 cm long will usually not be a 
candidate for a jugular turndown). Ultrasound is 
used to determine patency of the ipsilateral and 
contralateral jugular veins. 





Incision 


Either an infraclavicular incision or claviculec- 
tomy as described above is used to begin the 
operation. A moist sponge is placed in the wound 
while the jugular v. is prepared. 

The internal jugular v. is dissected free through 
two 5 cm transverse incisions in the neck, one 
2 cm above the clavicle and the other 3-4 cm 
below the mandible (Fig. 65.3a). Beginning in the 
lower incision, the internal jugular v is found by 
splitting muscle fibers of sternocleidomastoid to 
expose the vein. The vein is dissected circumfer- 
entially and surrounded with a quarter inch Penrose 
drain. From this point the vein is mobilized com- 
pletely down to the clavicle and up as high as pos- 
sible. Proximal dissection is then continued 
through the upper incision continuing to free the 
vein, first distally to meet the dissection from 
the lower incision and then cephalad to the base of 
the skull. The facial vein is ligated and divided. 

Before dividing the vein, a tunnel is created by 
blunt dissection from the axillary vein, under the 
clavicle, and into the supraclavicular space. The 
tunnel is enlarged by dividing the subclavius 
muscle. In the supraclavicular space the tunnel is 
extended to the internal jugular vein just above 
the clavicle. 

The proximal jugular v. is marked with a suture 
on its upper surface to avoid twisting when pulled 
through the tunnel. Proximally, the vein is suture 
ligated close to the base of the skull and the jugular 


vein transected. The vein is pulled distally through 
the open vein bed and completely freed as distally 
as possible below the clavicle while paying atten- 
tion to keep the marking suture upright. A valve in 
the vein prevents back bleeding so it is usually 
unnecessary to clamp the vein. Using a kidney 
pedicle clamp the jugular vein is pulled through 
the tunnel, again observing vein orientation to 
prevent twisting (Fig. 65.3b). One way to check 
for twisting is to pass a size 20-24 Fr. catheter up 
the jugular v. and into the SVC which should pass 
with ease; if not, the vein should be reoriented 
until the catheter does pass easily. 

The axillary vein is occluded with vascular 
clamps or vessel loops and the jugular vein sewn 
end-to-side or end-to-end into it (Fig. 65.3c). 
Flow through the jugular vein is evaluated and 
the graft followed through its supraclavicular 
path releasing any kinks (Fig. 65.3d). The wounds 
are closed with subcutaneous and subcuticular 
absorbable sutures [7, 8]. 





Arteriovenous Fistula (AVF) 


Because venous reconstructions are low pressure 
systems, they may thrombose more readily than 
arterial reconstructions. It has been demonstrated 
that this can be prevented by increasing flow and 
pressure across the suture line with a temporary 
arteriovenous fistula (AVF) [9-13]. This can be 
done with a Teflon reinforced PTFE prosthesis 
between the axillary artery and axillary vein dis- 
tal (peripheral) to the axillary suture line which is 
looped to lie in the subcutaneous tissue making 
taking down the fistula fairly easy by dividing the 
prosthesis in the subcutaneous tissue and tying 
each end [12, 13]. Alternatively, an AVF can be 
created in the arm or forearm. The fistula is closed 
in 6-12 weeks. 

We advocate constructing a temporary AVF 
after any of the venous reconstructions described 
above. While good results are obtainable without 
an AVF, data suggest that the added security of 
temporarily increasing flow across the fresh 
suture lines makes adding the AVF a worthwhile 
procedure [9-11]. 
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Fig.65.3 Jugular vein turndown. (a) Location of incisions. | (d) Completed turndown (Reprinted with permission from 
(b) Jugular vein being passed through tunnel under clavi- | Sanders and Haug [14] with permission from Elsevier) 
cle. (c) Completed jugular-subclavian vein anastomosis. 
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Abstract 

Surgery for venous thoracic outlet syndrome (TOS) may be required for 
symptoms ranging from severe recalcitrant arm swelling to acute axillo- 
subclavian vein thrombosis. The etiology appears to be multi-factorial, 
involving not only mechanical compression of the subclavian vein between 
the anterior scalene muscle, first rib, clavicle, subclavius muscle and cos- 
toclavicular ligament, but also hematological factors such as acquired and 
hereditary thrombophilia. Although the visible incisions appear rather 
small, a sizeable operation is often required to effectively decompress the 
subclavian vein after clot dissolution. Such surgery and the associated 
need for postoperative anticoagulation carry a number of risks and consid- 
erations. Attention to the many details of successfully helping a patient 
recover through first rib resection and postoperative care is required for an 
ultimately successful outcome. This chapter is intended to describe the 
general approach used in our institution for venous TOS and includes his- 
torical considerations and data supporting some of the surgical and medi- 


cal decision-making. 


Introduction 


Thoracic outlet decompression for venous TOS is 
arguably the most technically and strategically 
challenging of the thoracic outlet operations 
[1-3]. History and physical examination may 
reveal that the etiology is purely a mechanical 
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one, such as observed in a high-functioning ath- 
lete who might repetitively exert the arms and 
develop thick musculature of the shoulders and 
neck. Venous TOS with subclavian vein throm- 
bosis can also be combined with occult or overt 
clotting abnormalities, especially in patients with 
seemingly fewer behavioral risk factors [4, 5]. 
There are significant diagnostic and planning 
issues relating to venous clot burden, thromboly- 
sis, and surgical strategy when subclavian vein 
compression is found by imaging studies. The 
technique of thoracic outlet decompression is 
discussed in other sections of this textbook; 
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Table 66.1 Identified causes of thrombophilia and complications in patients undergoing surgical treatment for venous 


TOS 
# of Interval 

Thrombophilia disorder patients venoplasty 
PAI-1 mutation 5 3 
MTHER mutation 1 0 

Protein S deficiency 1 0 
Anticardiolipin antibody 2 1 
Hyperhomocysteinemia 3 0 

Lupus anticoagulant 1 0 

Normal coagulation 5 3 


# of 
complications 


Residual 
swelling 


Residua 
thrombus] 


Ni eselRe|ololn 
Sl lOlOl|O;}o;o]w 
NI oc oF O|N 


Adapted from Cassada et al. [5]. With permission from Elsevier 
Abbreviations: MTHFR methyltetrahydrofolate reductase, PAJ plasminogen activator inhibitor-1 


however, technical points of the operation and 
postoperative concerns are often intertwined dur- 
ing this discussion. 

There is controversy in the literature over the 
timing of surgery, and to some even whether an 
operation is always needed in venous TOS with 
subclavian vein effort thrombosis [5—9]. Some 
clinicians contend that venous TOS is simply the 
upper extremity variant of deep vein thrombosis 
(DVT) as more commonly seen in the leg and 
pelvis, which responds favorably to treatment 
with anticoagulation alone. Part of the nonsurgi- 
cal care that should be applied to all patients 
includes serological testing for thrombophilia 
(Table 66.1). Planar radiographic imaging is also 
valuable to exclude apical thoracic compressive 
disease due to neoplasm, infection and other pro- 
cesses exerting a mass effect [10-12]. Since 
venous TOS is relatively rare, it is essential to 
exclude intrathoracic disease that would not 
benefit from the same therapy. 

In the absence of another disease process to 
explain spontaneous arm swelling and cyanosis, 
the majority of surgeons caring for patients with 
venous TOS view the process as an acquired 
veno-compressive condition with chronic 
trauma to the vein. Compressive trauma causes 
endothelial denudation and exposure of medial 
collagen, chronic vein wall healing with exu- 
berant intimal thickening, and ultimately venous 
thrombosis. In this latter explanation, clot 
removal and surgical decompression, with or 
without vein repair, is the mainstay of treatment. 


The various operative approaches and treat- 
ment strategies that are currently used for 
venous TOS are described in Chaps. 60, 61, 62, 
63, 64, and 65. 


In-Hospital Postoperative Care 


The main tenants of patient care following tho- 
racic outlet decompression operations include: 
pain control, pulmonary physiotherapy and sup- 
port, anticoagulation decisions and surveillance 
for bleeding and thrombosis. Postoperative chest 
X-rays are taken at regular intervals, starting in 
the recovery room and every 24 h thereafter, to 
detect hemothorax, pneumothorax, or hematoma 
in the area of surgical dissection. The chest cavity 
can quietly accrue up to 5 1 of blood, allowing a 
simple venous trickle to potentially turn cata- 
strophic, as tachycardia and hypotension may 
only be present after loss of 30 % of the blood 
volume due to hemorrhage. For this reason, a uri- 
nary Foley catheter is left in place to monitor 
urine output for 24-72 h after surgery, to serve as 
an early warning for a drop in intravascular 
volume. 

We have generally allowed 24—48 h after sur- 
gery before beginning anticoagulation, except in 
the most fulminant of clotting disorders. 
Treatment with intravenous heparin allows direct 
control of the activated partial thromboplastin 
time (aPTT) and avoids the tendency to “over- 
shoot” that can occur with single-dosing 
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regimens of low molecular weight heparin 
(LMWH). A surgical closed-suction drain is left 
in the operative field, above the pleural reflection, 
and brought out through a separate stab incision. 
Although this type of drain cannot evacuate all 
blood, drain output may provide an indicator of 
bleeding during the effort to optimize postopera- 
tive anticoagulation, and having a drain in place 
can help manage lymphatic leaks or seroma for- 
mation. The drain is removed as early as possi- 
ble after surgery, using parameters such as less 
than 30 mL output per shift as a reasonable end- 
point for removal (typically 5-7 days after 
operation). 

Good postoperative pain control is essential 
for pulmonary care and patient participation in 
early range-of-motion physical therapy exercises. 
Some patients with venous TOS may have previ- 
ously taken narcotic analgesics to help manage 
ambient pain, in which case adjustments have to 
be made to allow for opiate receptor upregula- 
tion. Intravenous patient-controlled analgesia 
(PCA) through a self-administered dosing regi- 
men with morphine, hydromorphone or fentanyl 
is helpful to keep up with pain medication require- 
ments for the first 24-72 h; however, rapid con- 
version to oral oxycodone compounds should be 
attempted because of the disparity between half- 
lives in these drugs. 

We prefer to use a sling to manage pain that 
might occur on incidental motion or bumping of 
the arm when the patient is in the upright posture. 
We also recommend a snug sling with waist 
fixation and an abduction pillow to help patients 
have a comfortable posture while standing or rid- 
ing in a motor vehicle. This device is applied in 
the hospital in anticipation of a long car ride 
home, and is recommended for the first 3 weeks 
of recovery, until more vigorous physical therapy 
is possible as an outpatient. Patients are discour- 
aged from being totally dependent on the sling, 
but rather, to do range of motion exercises at least 
three times daily, with pain being a guide to 
intensity. Long-range physical therapy begins at 
3 weeks and lasts at least to 6 weeks, whereby the 
patient is taught how to engage in home exercises 
done on their own. The physical therapy includes 
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gentle movements to encourage tissue compli- 
ance and nerve gliding, along with an emphasis 
on diaphragmatic breathing. A patient and gentle 
approach to postoperative physical therapy is 
important, because more vigorous use of isomet- 
rics, rubber bands and heavy strength workouts 
can quickly diminish the postoperative result by 
irritating the brachial plexus and aggravating 
muscle spasm. 





Postoperative Complications 


Pneumothorax occurs in 2—5 % of patients under- 
going first rib resection. Many surgeons inten- 
tionally or incidentally open the pleura during 
thoracic outlet decompression, allowing drainage 
of blood, serum or lymph away from the surgical 
field, where it can be expected to undergo resorp- 
tion from the pleural space within days to several 
weeks. In contrast, we take efforts to bluntly dis- 
sect the parietal pleura from the underside of the 
first rib to keep the pleural space intact, with the 
view that this will potentially help limit pain, pul- 
monary compromise, and any subsequent need 
for interval drainage. The principal problem that 
can occur is when there has been inadvertent 
operative injury to the lung, which can create ten- 
sion pneumothorax or failure of resolution of 
lung collapse even in the presence of a tube thoro- 
costomy. The latter problem may be seen particu- 
larly in patients with emphysema and apical 
pleural bleb disease. 

Infection is rare following surgery for venous 
TOS, due in part to the robust blood supply of the 
dissected tissues. Surgery for venous TOS may 
carry a slightly higher rate of infection than other 
thoracic outlet procedures, due to blood accumu- 
lation and potential inoculation of thrombus. 
Surgical site cellulitis occurs at a rate consistent 
with other sterile surgical procedures; however, 
deeper space infections occur commensurate 
with blood accumulation. Again, frequent physi- 
cal examination, chest x-rays and blood labora- 
tory work can help reveal an infectious process 
early in its course and determine the need for sur- 
gical drainage or antibiotic therapy. 
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Pulmonary embolism (PE) is fortunately a 
rare occurrence in patients with venous TOS. For 
bland arm DVTs that go untreated, there has been 
a cited rate of up to 13 % PE found by imaging 
studies [6]. Fortunately, the clot burden sustained 
in the arm veins is relatively low, and because 
there are few reported incidences of life-threaten- 
ing PE derived from the arm, there is no sound 
rationale for superior vena cava filter interrup- 
tion. In our experience of 68 patients surgically 
managed for venous TOS with subclavian vein 
thrombosis, we found only one patient to have 
compromised pulmonary function. In this exam- 
ple, there was an incidental lower extremity DVT 
that prompted inferior vena cava filter placement. 
There have been no randomized or prospective 
observational studies to estimate the rate of sub- 
clinical PE in patients with venous TOS. 

Because the thoracic duct joins the venous 
system near the junction of the internal jugular 
and subclavian veins, it is susceptible to injury 
during mobilization of the scalene fat pad and 
other aspects of surgery for venous TOS. 
Postoperative lymph leaks can occur even when 





Fig.66.1 Postoperative lymph leak. A young man under- 
went left-sided thoracic outlet decompression for venous 
TOS using a paraclavicular approach. (a) Postoperative 
chest x-ray 7 days after surgery demonstrating a large left 
pleural effusion. (b) There was high-volume output of 
cloudy lymph fluid into the closed-suction drain for sev- 
eral days, despite conversion to a clear liquid diet and 
treatment with octreotide. (c) Re-exploration through the 
supraclavicular incision revealed chylous lymph fluid 
from the area of the thoracic duct. This approach also 
allowed evacuation of several liters of lymph fluid from 
the pleural space. (d) The source of lymph leak was 


D.C. Cassada 


there was no visible indication of lymphatic 
injury at the time of the primary operation, and 
may become apparent only several days after 
surgery (particularly once the patient has 
resumed a regular diet). If there is an enlarging 
pleural effusion or persistent output of lym- 
phatic fluid into the closed-suction drain (e.g., 
more than 250 mL/day), particularly when this 
is chylous in appearance and on the left side, a 
clear liquid diet is maintained along with admin- 
istration of octreotide (100 pg every 8 h, subcu- 
taneous) to reduce the volume of lymph flow, 
and removal of the closed-suction drain is 
deferred until the leak has subsided. Early supr- 
aclavicular reexploration is recommended for 
persistent high-volume lymph leaks (more than 
500 mL/day for more than 5 days) or those 
resulting in chylothorax (Fig. 66.1). When a 
lymphatic leak is observed during the course of 
the reoperative procedure, the site of the leak is 
identified and oversewn with a pledgeted poly- 
propylene suture, and a topical hemostatic/fibrin 
tissue sealant is applied to the site before wound 
closure. 





identified at the site of the thoracic duct, underneath the 
edge of the internal jugular vein. (e) Repair of the dis- 
rupted lymph vessel is best accomplished with a mattress 
suture technique using Dacron felt pledgets, to help “sand- 
wich” the site of the leak. (f) Appearance of the site of 
lymph leak after mattress suture repair. (g) Topical appli- 
cation of a issue sealant (FloSeal) to the site of the lymph 
leak may also promote fibrous healing to prevent recur- 
rence. (h) Chest x-ray the day after reoperation illustrating 
complete resolution of the left pleural effusion (Courtesy 
of Robert W. Thompson, MD (Washington University, St. 
Louis)) 
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Fig. 66.1 (continued) 


Adjunctive Approaches to Maintain 
Subclavian Vein Patency 


Recently there has been literature about the fate of 
the damaged subclavian vein after surgical tho- 
racic outlet decompression, and whether the native 
vein can spontaneously re-open or if expanded 


Repair 
suture 





collateral vessels are sufficient to promote arm 
decompression [13]. Regardless of the mode of 
surgery or medical therapy, or the surgical proce- 
dure selected for venous TOS after initial diagno- 
sis, ongoing evaluation is often required to help 
patients achieve optimal results of treatment. Tech- 
niques for imaging, including digital subtraction 
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Fig. 66.2 Post-operative upper extremity venography. 
Right upper extremity contrast venogram performed 
1 month after thoracic outlet decompression for venous 
TOS. There is an area of residual high-grade stenosis in 
the subclavian vein at the level of the first rib resection. 
A large suprascapular collateral vein is observed, draining 
from the axillary vein to the internal jugular vein 


angiography (DSA), computerized tomographic 
angiography (CTA), magnetic resonance angiog- 
raphy (MRA), and intravascular ultrasound 
(IVUS) can all help determine vein patency, vas- 
cular wall thickening, intraluminal trabeculations, 
and residual thrombus (Fig. 66.2). The use of 
these tools can assist the decision for subclavian 
vein balloon angioplasty during or after surgery. 
Alternatively, some clinicians advocate direct 
subclavian vein reconstruction as part of the pri- 
mary operation, when there is severe subclavian 
vein damage or chronic occlusion. Reconstructive 
techniques in this setting include subclavian vein 
patch angioplasty, axillo-subclavian vein bypass, 
and internal jugular vein turn-down bypass, with 
high reported primary patency rates and resolu- 
tion of symptoms [2, 4, 14]. The use of endovas- 
cular stents in the dynamic region of the subclavian 
vein is strongly discouraged, due to the propensity 
of metal fracture with stress fatigue over a pro- 
longed period and the young age of the typical 
patient, but there may be a role for endovascular 
stents in settings where first rib resection has 
already been completed. 





Anticoagulation 


Historically, post-decompressive anticoagulation 
has been managed variably, but often in a manner 
similar to that used in treating a DVT of the arm, 
or for up to 3-6 months after surgery. This treat- 
ment interval is influenced by the presence or 
absence of any underlying medical clotting disor- 
ders. The presence of pathological clotting is 
generally detected after at least 2 weeks of stop- 
ping a warfarin regimen. A strong family history 
of clotting problems can lead to persistent suspi- 
cion for a clotting disorder, even in the presence 
of completely negative coagulation panel results 
[5, 6]. Also, relying upon a positive coagulation 
panel test may depend upon waiting for a poly- 
merase chain reaction or ELISA result, which 
can take weeks for a single patient. In general, 
knowing the precise etiology of any clotting ten- 
dency is useful for both patient and family coun- 
seling regarding the risk for thromboembolic 
events during surgery or illness and during the 
peripartum period. If there is no obvious family 
history, and a clear behavioral risk for subclavian 
vein effort thrombosis, then the use of strong 
anti-thrombotic agents might be limited to a 
shorter period of time or avoided altogether after 
surgery. At our institution, we advocate serologi- 
cal testing for concomitant blood disorders when 
a clear period of anticoagulation holiday is estab- 
lished (at least 14 days after discontinuing 
warfarin). 

The decision for post-surgical anticoagulation 
should result in a “safe” interval relative to the 
risk of bleeding. Output from a closed-suction 
drain or tube thoracostomy (if present) may serve 
as an indicator of bleeding, when the patient is 
started on intravenous heparin and in the process 
of converting to oral anticoagulation with warfa- 
rin. During the first 48 h, a urinary catheter, heart 
monitor, frequent chest x-rays, and serial hemo- 
globin levels may help detect failure of hemosta- 
sis. If excessive bleeding occurs, anticoagulation 
is reversed and blood transfusion considered to 
stabilize the hemoglobin level. In a rare situation 
with severe hemorrhage, chest tube placement, 
chest exploration by video-assisted thoracoscopic 
surgery (VATS), or open thoracotomy might be 
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needed. Although postoperative bleeding prob- 
lems are rarely of concern after operations for 
neurogenic TOS, there should be heightened con- 
cern following operations for venous TOS due to 
the relatively early use of heparin, low molecular 
weight heparin (LMWH) and warfarin. 

Some surgeons choose to restart anticoagula- 
tion with intravenous heparin 48-72 h after oper- 
ation, with a transition to warfarin over the next 
several days; LMWH may also be used as a 
potential alternative to intravenous heparin. It is 
our practice to avoid LMWH due to the suprath- 
erapeutic or subtherapeutic levels that can occur 
with single dose regimens. Once administered, a 
single subcutaneous injection of LMWH blocks 
the intrinsic clotting system for up to 16 h, and 
lacks the responsiveness of simply turning off a 
heparin drip for rapid normalization of clotting. 
During the transition to long-term anticoagula- 
tion, many will use heparin for at least 48 h before 
adding warfarin; however, others will start warfa- 
rin at the same time as heparin given that it will 
take several days to achieve anticoagulant 
effects. 





Temporary Arterio-Venous (AV) 
Fistulas 


Due to the possibility of early re-thrombosis after 
a complex operation that might include direct 
axillary-subclavian vein reconstruction, many 
surgeons consider creating a minor arterio-venous 
fistula at the wrist to augment flow through the 
damaged region of the subclavian vein [15-17]. 
This has the additional effect of driving creation 
of hypertrophic collaterals that can further 
decompress venous hypertension in the arm. 
Surgical ligation of the fistula (or embolization) 
is generally performed between 3 and 6 months, 
after a stable endothelial lining of the subclavian 
vein is established. Upper extremity venography 
can also be performed at the time of planned AV 
fistula ligation, allowing the possibility of per- 
forming balloon angioplasty dilatation of any 
residual subclavian vein or anastomotic stenoses 
that might have developed during the postopera- 
tive period of healing. 
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Residual Subclavian Vein Obstruction 


Failure of resolution of arm swelling or a delayed 
return to normal arm girth is not uncommon fol- 
lowing thrombolysis and operations for venous 
TOS. This typically reflects one of two situations: 
the first is when there is a residual high-grade sub- 
clavian vein stenosis at the level of the first rib (or 
site of first rib resection), and the second is when 
there is complete subclavian vein occlusion, usu- 
ally chronic in nature, with venous return pro- 
vided solely by robust collaterals. Approximately 
90 % of patients in the first group can be suc- 
cessfully treated in the postoperative period by 
venography and balloon angioplasty (sometimes 
employing a cutting and/or noncompliant bal- 
loon). This is usually performed 2-3 weeks after 
the principal operation, but some surgeons advo- 
cate intraoperative balloon angioplasty immedi- 
ately upon completion of the surgical procedure, 
in a combined single-step surgical and endo- 
vascular strategy [18, 19]. In contrast, patients 
in the second group are optimally treated by an 
operative approach that permits subclavian vein 
bypass graft reconstruction (usually with creation 
of an adjunctive AV fistula) [20]. In the absence 
of direct vein reconstruction of this type, most 
patients with persistent symptoms and chronic 
subclavian vein occlusion should be treated with 
long-term anticoagulation to help prevent further 
thrombosis and loss of critical collaterals. In the 
rare patient with persistent arm swelling where 
there is no identifiable subclavian vein stenosis 
or occlusion, lymphedema can also be an etio- 
logical factor related to surgical dissection and 
post-surgical inflammation. This form of arm 
swelling can be managed with massage therapy 
and garment fitting to control fluid accumulation 
and symptoms of arm heaviness. 





Follow-up Care 


Patients are typically discharged from the hospi- 
tal 3-4 days after uncomplicated operations for 
venous TOS, but hospital stay can be extended if 
full anticoagulation is desired prior to discharge. 
In addition to the steps described above, hospital 
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Fig. 66.3 Post-hyperemia venous duplex to detect resid- 
ual subclavian vein obstruction. Duplex examination was 
performed 6 weeks after left-sided first rib resection for 
venous TOS. Pressure was placed over the mid-humerus 
level (brachial and basilic veins) of each arm for approxi- 
mately | min until hyperemia was apparent. After release 
of the pressure, the patient was asked to inhale to equili- 
brate intrathoracic pressure with the arm, and Duplex 
images, waveforms, and peak velocity measurements 
were obtained. (a) Left-sided post-hyperemia Duplex 


care is directed toward pulmonary care, avoiding 
atelectasis through incentive spirometry, and pro- 
gressive activity. Patients are encouraged to 
ambulate by the second day after surgery and at 
least three times daily thereafter. Physical therapy 
is initiated the day after surgery to help maintain 
upper extremity range of motion. Release to 
home is considered when the patient has no fever, 
is tolerating pain well with oral narcotics, and is 
able to ambulate without assistance. After dis- 
charge the patient is seen within 2 weeks and then 
monthly until maximal medical improvement is 
determined. If the patient travels a long distance, 
follow up with a physical therapist is sought near 
the hometown. 

Some form of monitoring of the status of the 
subclavian vein is often used during follow-up 
evaluation. Duplex ultrasound can be used to help 
identify upper extremity extremity thrombus and 
to track clot accumulation or resolution over time 
(21]. However, ultrasound examination of the 
subclavian vein is technically limited due to 
difficulties visualizing the vein beneath the clavi- 
cle and misinterpretation of flow through enlarged 
collaterals, and can therefore not be used to 
exclude subclavian vein stenosis or even focal 
occlusion. If complete imaging evaluation is 


image and waveform, demonstrating attenuation that 
likely reflects residual venous thrombus, intraluminal tra- 
beculations, or venous stenosis that was not resolved by 
surgical treatment. This type of finding suggests the 
potential need for venography and possible balloon angio- 
plasty. (b) Right-sided post-hyperema Duplex image and 
waveform, demonstrating high-flow consistent with a 
widely patent axillary-subclavian vein on the asymptom- 
atic unaffected side 


desired, CT, MR or catheter-based contrast 
venography is needed. We have recently devel- 
oped a novel method to enhance the information 
obtainable by Duplex examination, involving a 
brief period of venous hyperemia followed by 
release of blood flow [22]. By measuring the peak 
velocity of venous return and waveform quality 
during these maneuvers and comparing them to 
the normal contralateral extremity, we are able to 
create a dynamic picture that can detect central 
venous obstruction in areas otherwise inaccessi- 
ble to direct ultrasound imaging (Fig. 66.3). 





Progression of Activity 


In our institution occupational therapy has taken 
an interest in the postoperative rehabilitation of 
patients with TOS. The main tenants of care are 
to teach the patient to engage in active or assist- 
ed-passive range of motion in all planes of the 
gleno-humeral joint, and to maintain mobility of 
serratus anticus by raising the arm overhead, but 
only to the point of pain. The goals of these 
instructions are to lightly maintain and improve 
compliance of the soft tissues while not inducing 
tissue damage or nerve irritation. After 3 weeks, 
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the patient is seen in the office and prescribed a 
course of physical therapy based upon the theo- 
ries of Peter Edgelow, PT, PhD. An arm sling is 
provided for longs periods of travel or standing, 
which has the characteristics of waist fixation and 
30° shoulder abduction. The patient is encour- 
aged to reduce dependency of the arm over the 
first 3 weeks following surgery to prevent 
edema. 








Timing of Return to Work 
and Athletics 


There is tremendous variation in the pace by 
which patients are able to return to occupational 
and recreational activities. Determinants include 
the type of work, athletics or play; the severity of 
underlying neuropathic pain; and psychological 
overlay. In addition, the presence of an active 
legal case that is contingent upon the patient hav- 
ing a certain level of disability is often an impasse 
to full recovery. These patients are, nonetheless, 
pushed to their threshold of activity under the 
supervision of surgeon and physical or occupa- 
tional therapist. 

No strengthening exercises are recommended 
prior to 3-6 weeks after surgery, with more 
aggressive strengthening exercises gradually 
introduced between 6 and 12 weeks to progress 
toward future intended activities. Failure to main- 
tain postoperative improvement in these early 
stages is a poor prognosticator for future work 
capacity; however, a full year should occur prior 
to any consideration of reoperation for persistent 
symptoms. When ongoing pain management is 
required for optimal activity 3 months or longer 
after surgical recovery, it is our practice to refer 
patients to a specialist in techniques and pharma- 
cology for chronic pain control. 


Summary 


In summary, venous TOS complicated by subcla- 
vian vein effort thrombosis is predominantly a 
surgical condition. Like other forms of TOS, a 
multi-modality approach among the clinicians 
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from various specialties is ideal for optimal out- 
comes. Based upon the goals of complete first rib 
resection and various approaches to establish a 
patent subclavian vein, the operations performed 
for venous TOS are necessarily complex. 
Attention to the details and many aspects of post- 
operative care is important to minimize the risk 
of early and late complications, and to reduce the 
potential for poor outcomes. 
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Abstract 

The study of venous thoracic outlet syndrome (VTOS), while apparently 
as objective an entity as any within this family of disorders, suffers from a 
lack of objectivity when results are reported. The literature is not consis- 
tent regarding how VTOS is diagnosed or results are described. VTOS is 
a spectrum of clinical problems, some representing acute issues and others 
chronic disease states. Most reports lump all patients together, there is 
little consistency with regard to outcomes reporting, and there are no pro- 
spective randomized studies. As a result, there is lack of consensus on how 
to treat these patients and no high-level evidence-based recommendations 
for care. This chapter attempts to describe outcomes within these con- 
straints, but it is stressed that to truly understand this syndrome we must 
agree on criteria for diagnosis, acceptable methods of treatment, and con- 
sistent standards for reporting outcomes. 


Introduction 


The study of venous thoracic outlet syndrome 
(VTOS), while apparently as objective an entity 
as any within this family of disorders, suffers from 
a lack of objectivity when results are reported. 
The literature is not consistent regarding how 
VTOS is diagnosed or results are described. 
VTOS is a spectrum of clinical problems, some 
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representing acute issues and others chronic dis- 
ease states. Most reports lump all patients together, 
there is little consistency with regard to outcomes 
reporting, and there are no prospective random- 
ized studies. As a result, there is lack of consensus 
on how to treat these patients and no high-level 
evidence-based recommendations for care. This 
chapter attempts to describe outcomes within 
these constraints, but it is stressed that to truly 
understand this syndrome we must agree on crite- 
ria for diagnosis, acceptable methods of treatment, 
and consistent standards for reporting outcomes. 
This chapter will present the outcomes of modern 
published reports relating to the treatment of pri- 
mary VTOS and conclude with a suggested treat- 
ment algorithm. 


471 


DOI 10.1007/978- 1-447 1-4366-6_67, © Springer-Verlag London 2013 


472 


Methods 


Outcomes can be reported on the basis of 
symptomatology or patency. Few studies have 
quantified these outcomes consistently, probably 
as a consequence of the rarity of the disease and 
the lack of standardized nomenclature and report- 
ing standards. Treatment strategies that have been 
so developed represent clinical pathways used 
at each individual institution. Each step in any 
clinical pathway can be analyzed independently, 
although it must be recognized that doing this 
neglects the individual patient selection and judg- 
ment used at each institution. Finally, it must be 
emphasized that significant reporting bias exists 
within the literature surrounding VTOS (as it 
does with any rare disease). Specifically, patients 
referred to surgeons generally have more severe 
symptoms then those that are not and published 
results are dominated by those with large clin- 
ics and academic interests, and thus most of the 
results reported likely do not apply to less severe 
manifestations of VTOS. 

For this chapter a systematic review of the lit- 
erature was undertaken from 1996 to present. If 
multiple reviews had been published from any one 
institution, the most recent institutional review 
where VTOS was considered independently 
of ATOS and NTOS was used. Each paper was 
reviewed for specifics relating to patient factors, 
timing of presentation, modalities of treatment, 
adjuvant treatments, and outcomes. Although 
arbitrary, 6 weeks from onset of symptoms to ini- 
tial treatment was used as a cutoff between acute 
and chronic presentation of VTOS. Each insti- 
tutional series was categorized by the original 
intention to treat. Analyzed outcomes included 
percent of patients who were asymptomatic, vein 
patency, and length of followup. Asymptomatic 
status was especially emphasized as it should 
be considered the gold standard for successful 
functional treatment outcome, just as patency is 
the gold standard of anatomic surgical outcome. 
Results were pooled and reported as weighted 
averages when applicable. A summary of all 
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studies considered for inclusion in this analysis is 
summarized in Table 67.1. 


No Treatment and Anticoagulation 
Alone in VTOS 


Although largely of historical interest, the natu- 
ral history of truly untreated VTOS (literally no 
treatment at all) is important to know because 
lack of proper care led to significant long-term 
morbidity in the large majority of patients [1]. 
Even after the advent of oral anticoagulation 
patient outcomes were poor. In one early series, 
78 % of patients treated with anticoagulation 
alone were left with persistent symptoms sec- 
ondary to extremity venous obstruction [2], and 
in subsequent series persistent symptoms and 
significant disability were reported to occur in 
41-91 % and 39-68 % of patients, respectively 
[1-7]. In modern reports “negligible symp- 
toms” or “excellent to good long-term results” 
are found in only 46 and 29 % of patients, 
respectively, treated with anticoagulation alone 
[5, 8]. This treatment algorithm can probably be 
definitively condemned based on the weight of 
historical experience alone. 





The Role of Decompressive Surgery 
in VTOS 


In the mid-1960s and early 1970s several authors 
described surgical decompression of the thoracic 
outlet with or without adjuvant open thrombo- 
embolectomy for the treatment of effort throm- 
bosis and reported good results in the majority 
of patients [2, 9-13]. Since that time most have 
accepted surgical decompression as standard of 
care. No prospective randomized data exists, 
however, comparing the current clinical pathway 
to other treatment modalities, and there are sev- 
eral algorithms that have been shown to provide 
adequate thoracic outlet decompression, relief 
of symptoms, and long-term patency [14—20]. 
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What may be in common to all such options is 
that regardless of operative approach all such 
techniques require that the subclavian vein be 
completely decompressed and freed from adher- 
ent scar tissue. 





Pre-decompression Catheter-Directed 
Interventions 


First successfully used for the treatment of effort 
thrombosis in the late 1970s and early 1980s, 
catheter-directed thrombolysis for acute subcla- 
vian vein clot has become the standard of care for 
this problem, as it quickly and safely removes the 
occluding clot [21—24]. Combining the results of 
experience above, decompression of the bony 
thoracic outlet is recommended as the next and 
necessary step, but initially there was not consis- 
tent standard regarding the timing of such sur- 
gery. Thrombolysis can be expected to be 
successful in some patients up to 6 weeks follow- 
ing thrombosis (Table 67.2). Older series report 
decreasing rates of success if intervention 
occurred in patients with symptoms of more than 
14 days, but newer series report more promising 
results [14, 24-26]. In general, thrombolysis 
probably has a limited role in chronic VTOS 
(defined variably) owing to low success rates 
[8, 14, 27]. Factors associated with either 
increased clot burden or clot chronicity have been 
associated with thrombolysis failure [28, 29]. 
Following thrombolysis a significant number 
of patients are found to have obvious intrinsic 
venous defects [14, 28, 29]. Although tempting 
to treat, there is probably no role for preoperative 
venoplasty in patients with any form of VTOS as 
success rates are low (Table 67.3). Endovascular 
intervention should probably be limited to the 
decompressed thoracic outlet; preoperative veno- 
plasty, although tempting, may actually worsen 
outcomes [30, 31]. Finally, numerous centers 
have reported abysmal outcomes of stents placed 
in non-decompressed thoracic outlets, with fail- 
ure rates approaching 100 %! [17, 30, 32-34]. 
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When viewed in comparison to decompressive 
surgery, stent placement can be viewed as poten- 
tially causing harm. 


Institutional Treatment Algorithms 





Following the observation that surgical decom- 
pression had better outcomes than anticoagula- 
tion alone and that a high percentage of patients 
re-thrombose the subclavian vein if no decom- 
pression surgery is performed despite anticoag- 
ulation, decompression following thrombolysis 
became the standard of care at most centers. 
Although initially a delay was felt to be safer 
[17], over the past two decades it has been 
recognized that thoracic outlet decompression 
immediately following thrombolytic administra- 
tion is safe and effective [14, 18, 35, 36]. A push 
for complete treatment within one hospitaliza- 
tion arose from the observation that one third 
to one half of patients re-thrombose within this 
original 1-3 month interval and that a “same 
admission” algorithm was safe [8, 37-40]. 
Several subsequent treatment algorithms have 
been developed to help guide care of these 
patients [14, 16, 17, 41-45]. 

There is no consensus regarding the best oper- 
ative approach to thoracic outlet decompression 
(see Chap. 73) [15, 28, 46-48]. Each is well 
described, and in the hands of an experienced 
surgeon, is performed with low rates of morbidity. 
Success rates are nearly uniform with all and are 
reported to be greater than 90 % [14, 20, 42, 49]. 
The literature lacks uniform reporting of out- 
comes and long-term follow-up in these patients, 
and the short-term morbidity versus long-term 
outcomes are poorly compared. 

Surprisingly, there are no prospective data to 
justify thrombolytic therapy. In fact, some practi- 
tioners question the need for thoracic outlet 
decompression in patients following successful 
thrombolysis as the majority of these patients 
will not re-thrombose. Data from Stanford repor- 
ted recurrence (defined as requiring decompression) 
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Table 67.1 Summary of modern VTOS literature 


Author 

(year) [Ref] Institution 
Hempel Baylor 
(1996) [54] 

Sheeran UCONN 
(1997) [44] and Brown 
Adelman NYU 


(1997) [25] 


33 % male greater than 
8 days in 18 % 
(3/17) 
Lee (1998) Brigham and 11, mean age 30, 24 h to 
[30] Women’s side NR, 64 % 2.5 weeks 
Hospital (7/11) male 
Azakie UCSF and = 21, mean age 26, Less than 
(1998) [55] Washington 67 % (14/21) 2 weeks 
University _ right-sided, gender 
St. Louis, NR 
MO 


Interval from 


Subjects Dx to tx 
47 NR 
14, mean age 34, 3.9 days 


69 % right-sided, 
43 % male 


17, mean age NR, 
50 % right-sided, 


Within 8 days 
82 % (14/17), 


Type of VTOS 
Effort thrombosis 
(100 %) by 
venogram 


Effort thrombosis 
(100 %) by 
venogram 


Effort thrombosis 
(100 %) by 
venogram 


Effort thrombosis 
(100 %) by 
venogram 


Effort thrombosis 
(100 %) by 
venogram 


A.J. Doyle 


Interval from lysis 
to decomp 


1-2 weeks 


Preop management 
Anticoagulation and/or 
thrombolysis (100 %), 
lysis success rate NR 
Thrombolysis and 1 week to 7 months 
anticoagulation in 100 %, 

lysis success 93 % 

(13/14) 


Thrombolysis and 6 weeks 
anticoagulation in 100 %, 
lysis success 82 % 


(12/17) 


Thrombolysis and Within 5 days 
anticoagulation in 100 %, 

lysis success 82 % (9/11), 

pre-op venoplasty 45 % 

(5/11), venoplasty 

success before 


decompression 0 % (0/5) 


Thrombolysis and Within | week 
anticoagulation in 81 % 
(17/21), lysis success 

100 % (17/17), pre-op 
venoplasty 29 % (6/21), 
venoplasty success before 
decompression 0 % (0/6), 
pre-op venoplasty + stent 
5 % (1/21), 

Venoplasty + stent 

success before 
decompression 0 % (0/1) 
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Mode of decomp 
Supraclavicular first 
rib resection and 
scalenectomy in 

100 % 

Method NR, 
immediate FRR or 
venous recon in 

36 % (5/14), delayed 
FRR in 29 % (4/14) 


first rib resection and 
scalenectomy in 

92 % (11/12) 
following successfult 
lysis 


Decompression in 
100 % (11/11) by 
varied techniques, 
(3/11) transaxillary 
first rib resection and 
scalenectomy, (8/11) 
supraclacicular or 
paraclavicular with 
scalenotomy, 
Venolysis or 
reconstruction/ 
bypass in 100 % 
(11/11) 


Decompression in 
100 % (21/21) by 
varied techniques, 
mainly supra/ 
paraclavicular first 
rib resection with 
scalenectomy, and 
circumfrential 
venolysis in 100 % 


Venous 
reconstruction Adjuvant 


required treatment 
No None 
7% (A/14) Venoplasty in 


36 % (5/14) 


0% 0% 


45 % (5/11) None 
patch 

venoplasty in 

(3/11), 

IJ-SCV 

bypass in 

(2/11) 


14 % (3/21) 19 % (4/21) 


SCV-IJ required 
bypass (1), venoplasty 
thrombec- 


Post-op 
Anticoag 
NR 


Recurrence rate 
0% 


0% inlysis and 3 months of 


immediate coumadin 
decompression 

group 

44 % in lysis 


alone group 


8 % (1/12) of ASA alone 
patients 
successfully 


Lysed 


18 % (2/11)- re- 3-6 months 
operations for 
incomplete 
decompression, 
both with 
subsequent 
restoration of 
patency and relief 
of symptoms 


5 % (1/21) for 
entire series, with 
RTOR for with 


NR 


post-decompres- successful 


tomy and vein sion, 100 % (4/4) restoration of 


patch success rate 


venoplasty (2) 


patency 


of coumadin 
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Morbidity and 
mortality Outcome 
None 100 % (47/47) asymptom- 
atic, F/U NR 
None 44 % (4/9) asymptomatic if 


lysis with delayed FRR if 
recurrence @ 28 months 
mean F/U 

80 % (4/5) asymptomatic 
with lysis and immediate 
FRR or venous recon @ 
16 months mean F/U 

100 % (11/11) patency for 
successful thromboly- 

sis + decompression @ 

21 months mean F/U 

100 % (11/11) asymptom- 
atic for successful 


50 % (5/10) 
pneumotho- 
rax with rib 
resection 


thrombolysis + decompres- 
sion @ 21 months mean F/U 
0 % (0/5) asymptomatic in 
patients with failed 
thrombolysis and no 
decompression @ 

21 months mean F/U 

100 % (6/6) patency for 
successful thromboly- 


NR 


sis +decompression @ | to 
6 months F/U 

82 % (9/11) asymptomatic 
for successful thromboly- 
sis + decompression @ 24 
months mean F/U 


15 % (5/34), 100 % (21/21) patency @ 


for entire between | week and 3 
series (1 months F/U 

RTOR for 95 % (20/21) asymptomatic 
bleeding, @ 31 months average F/U 
RTOR for 

re-thrombo- 

sis, 1 RTOR 

for lymph 


leak, 2 nerve 
injuries) 
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Table 67.1 (continued) 


Author 
(year) [Ref] 
Azakie 
(1998) [55] 


Azakie 
(1998) [55] 


Angle 
(2001) [35] 


Angle 


(2001) [35] 


Feugier 


(2001) [56] 


Kreienberg 
(2001) [53] 


Institution 
UCSF and 
Washington 
University 
St. Louis, 
Mo 


UCSF and 
Washington 
University 
St. Louis, 
Mo 


UCLA 


UCLA 


Edouard 
Herriot 
Hospital, 
Lyon, 
France 


Albany 


Interval from 


Subjects Dx to tx 
8, mean age 32, NR 

88 % (7/8) 

right-sided, gender 

NR 

4, mean age 49, NR 


100 % (4/4) 
right-sided, gender 
NR 


9, mean age 36, side NR 
NR, 33 % (3/9) male 


9, mean age 27, side NR 
NR, 33 % (3/9) male 


11, mean age 33.6, 5.2 days 
60 % right-sided, 

80 % male 

23, mean age 30.3, 9.4 days 


48 % right-sided, 
48 % male 


A.J. Doyle 


Interval from lysis 


Type of VTOS Preop management to decomp 
Chronic occlusion Multiple prior failed NR 
(100 %) by decompression surgeries 
venogram 
High-grade None NR 
symptomatic 
stenosis (100 %) 
by venogram 
Effort thrombosis Thrombolysis with 87 day median 
(100 %) by anticoagulation 100 % 
venogram (9/9), lysis success 100 % 
(9/9) 
Effort thrombosis Thrombolysis with 3 day median 
(100 %) by anticoagulation 100 % 
venogram (9/9), lysis success 89 % 
(8/9) 
Effort thrombosis Anticoagulation alone 9 days to 12 


(100 %) by 
venogram 


Effort thrombosis 
(100 %) by 
venogram 


36 % (4/11), anticoagula- months 
tion success 75 % (3/4), 
thrombolysis with 
anticoagulation 64 % 

(7/11), lysis success 71 % 

(5/7) 


Thrombolysis and Immediate 
anticoagulation in 100 %, 
lysis success 91 % 


(21/23) 


67 Outcomes After Treatment of VTOS 


Venous 


reconstruction Adjuvant 


Mode of decomp required 


Decompressionin NR 
100 % (8/8) by 

varied techniques, 

mainly supra/ 
paraclavicular first 

rib resection with 
scalenectomy, and 
circumfrential 

venolysis in 100 % 


Decompressionin NR 
100 % (4/4) by 

varied techniques, 

mainly supra/ 
paraclavicular first 

rib resection with 
scalenectomy, and 
circumfrential 


venolysis in 100 % 


Decompressionin 0% 
100 % (9/9) by 
Transaxillary first rib 
resection with 
scalenectomy and 


venolysis 


Decompressionin 0% 
100 % (9/9) by 
Transaxillary first rib 
resection with 
scalenectomy and 


venolysis 


FRR by varied 
approaches in 91 % 
(10/11), claviculec- 
tomy in 9 % (1/11), 
combined with 


36 % (4/11) 


scalenectomy 82 % 
(9/11), and 
circumfrential 
venolysis in 73 % 
(8/11) 


Scalenectomy and 0% 
venolysis alone in 

30 % (7/23), FRR 

and scalenectomy 

and venolysis in 


70 % (16/23) 


treatment 
NR 


NR 


22 % (2/9) 
required 
venoplasty 
post-decompres- 
sion, 100 % (2/2) 


success rate 


33 % (3/9) 
required 
venoplasty 
post-decompres- 
sion, 100 % (3/3) 


success rate 


Thrombectomy 
in 18 % (2/11) 


Venoplasty in 
39 % (9/23) 


Venoplasty and 
stenting in 61 % 
(14/23) 


Recurrence rate 
NR 


NR 


11 % (1/9) 
rethrombosis, 
100 % (2/2) 
successfully 
treated with 
thrombolysis 


22 % (2/9) 
rethrombosis, 
100 % 
successfully 
treated with 
thrombolysis 


0% 


0 % in patients 
that received 
lysis/decompres- 
sion/venoplasty 


36 % (5/14) in 
patients that 
received lysis/ 
decompression/ 


venoplasty + stent 


Post-op Morbidity and 
Anticoag mortality 
NR See above 
NR See above 
3 of None 
coumadin 

3 of None 
coumadin 

NR 

6 to 18 

months of 

coumadin 
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Outcome 

0 % (0/8) asymptomatic @ 
31 months average F/U 

50 % (4/8) improved post 
decompression @ 31 
months average F/U 


100 % (4/4) asymptomatic 
@ 31 months average F/U 


100 % patent (9/9) @ 

2 weeks F/U 

100 % asymptomatic (9/9) 
@ 51 days median F/U 


100 % patent (9/9) @ 

2 weeks F/U 

100 % asymptomatic (9/9) 
@ 51 days median F/U 


100 % patency (5/5) and 

86 % (6/7) asymptomatic in 
patients who underwent 
lysis +decompression, @ 39 
months mean F/U 

100 % patency (3/3) and 

50 % (2/4) asymptomatic in 
patients who underwent 
anticoagulation + decom- 
pression @ 35 months mean 
F/U 

100 % patency (9/9) and 
100 % asymptomatic in 
patients who underwent 
lysis + decompres- 
sion+venoplasty @ 48 
months mean F/U 

64 % patency (9/14) and 

57 % asymptomatic (8/14) 
in patients who underwent 
lysis + decompres- 

sion + venoplasty + stent @ 
36 months mean F/U 
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Table 67.1 (continued) 


Author 
(year) [Ref] Institution 


Coletta Naval 
(2001) [57] Medical 
center San 
Diego 
Lokanathan University 
(2001) [58] of British 
Columbia 
Schneider UCSF and 
(2004) [19] Thomas 
Jefferson 
University 


Subjects 

19, mean age 26, 
55 % right-sided, 
76 % male 


28, mean age 36, 
82 % dominant side, 
71 % male 


25, median age 30, 
side NR, 36 % 
(9/25) male 


Interval from 
Dx to tx 
Hours to 10 
months 


5.5 days 


Less than 
4 weeks 


Type of VTOS 
Effort thrombosis 
(100 %) by 
venogram 


Effort thrombosis 
(100 %) by 
venogram 


Effort thrombosis 
in 92 % (23/25), 
severe subclavian 
vein stenosis in 

8 % (2/25), both 
diagnosed by 
venogram 


A.J. Doyle 


Interval from lysis 


Preop management to decomp 


Anticoagulation alone in 5 days to 3 weeks 


5 % (1/19), thrombolysis 
and anticoagulation in 
95 % (18/19), lysis 
success rate NR 


Anticoagulation alone in 3-4 months 
11 % (3/28), anticoagula- 

tion and thrombolysis in 

89 % (25/28), lysis 

success rate 88 % (22/25) 


Anticoagulation alone in Immediated 
8 % (2/25), anticoagula- 

tion success rate 100 % 

(2/2) anticoagulation and 
thrombolysis in 84 % 

(21/25), lysis success rate 

100 % (21/21) 


67 Outcomes After Treatment of VTOS 


Venous 


reconstruction Adjuvant 


Mode of decomp required 
Transaxillary first rib No 
resection in 95 % 


(18/19) 


Transaxillary first rib No 
resection in 4 % 

(1/28), claviculec- 

tomy in 4 % (1/28) 


paraclavicular first | None 
rib resection in 92 % 
(23/25), infraclavicu- 

lar first rib resection 

in 8 % (2/25), 100 % 
(25/25) with anterior 

and middle 

scalenectomy, 

venolysis on a 

cas-by-case basis 


treatment Recurrence rate 


Venoplasty alone None 
in 11 % (2/18) 
Venoplsty + stent 

in 33 % (6/18) 


Venoplasty alone 27 % (3/11) in 
in 46 % (13/28), 
success =less 
than 50 % 
residual stenosis 
in 46 % (6/13) 


patients with 
follow-up 
imaging 


Venoplasty alone 8 % (2/25) 
in 64 % (16/25), 
success = less 


rethrombosis with 
RTOR in both 
than 30 % and thrombolysis, 
residual stenosis 50 % (1/2) lysis 
in 100 % (16/16) success 


Post-op 
Anticoag mortality 
3 months of 


coumadin 


3 months of 
coumadin 


minimum 


ASA in 
84 % 
(21/25), requiring 
Coumadin in RTOR in 3 
remaining 
16 % (4/25) 
cases of 


16 % (4/25), 
hematoma 


patients 


rethrombo- 
sis or 

non- 
occlusive 
thrombus on 
DUS 


Morbidity and 
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Outcome 


Patency not reported 


100 % (10/10) asymptom- 
atic in patients who 
underwent 

thrombolysis + anticoagula- 
tion+ decompression 

100 % (2/2) asymptomatic 
in patients who underwent 
thrombolysis + anticoagula- 
tion + decompression + 
venoplasty 

83 % (5/6) asymptomatic in 
patients who underwent 
thrombolysis + anticoagula- 
tion + decompression + 
venoplasty + stent 

0 % (0/1) asymptomatic in 
the patient managed with 
anticoagulation alone 

73 % (8/11) patency at 3 - 
17 months of follow-up 

28 % (6/21) asymptomatic 
@ 35 months mean F/U 

46 % (13/21) mild 
symptoms (DASH 

scores <20) @ 35 months 
mean F/U 

92 % primary patency @ 12 
months by life table analysis 
96 % secondary patency @ 
12 months by life table 
analysis 

96 % asymptomatic @ 12 
months F/U 
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Table 67.1 (continued) 


Author Interval from 
(year) [Ref] Institution Subjects Dx to tx 
Lee (2006) Sanford 64, mean age 32, NR 
[16] 67 % dominant side, 
66 % right-sided, 
48 % male 


Molina University 117,meanage 30, Group! 


(2007) [18] of 75 % right-sided, (97)=Less than 
Minnesota 58 % male 2 weeks, mean 
of 5.6 days 


Group II 
(17)=Greater 
than 2 weeks, 
mean of 

34 days 


Type of VTOS 
Axillosubclavian 


vein thrombosis 
100 % (64/64), 


diagnosed by DUS (6/6), anticoagulation and 


and/or venogram 


Group I: Effort 
thrombosis in 

100 % (97/97), 

87 % 

(85/97) <2 cm 
stenosis, 13 % 
(85/97) >2 cm 
stenosis diagnosed 
by venogram 


Group IT: Effort 
thrombosis in 
100 % (17/17), 
100 % (17/17) 
>2 cm stenosis 
diagnosed by 
venogram 


Preop management 
Anticoagulation alone in 
9 % (6/64), anticoagula- 
tion success rate 100 % 


thrombolysis in 80 % 
(51/64), lysis success rate 
78 % (40/51) 


Group I: Anticoagulation 
and thrombolysis in 

100 % (97/97), lysis 
success rate 100 % 


(97/97) 


Group IT: 
Anticoagulation and 
thrombolysis in 100 % 
(17/17), lysis success rate 
100 % (17/17) 


A.J. Doyle 


Interval from lysis 
to decomp 
Re-evaluation at 1 
month in 100 % 
(64/64) 


4h average 


67 Outcomes After Treatment of VTOS 


Venous 


reconstruction Adjuvant 


Mode of decomp 


Supraclavicular first None 
rib resection in 45 % 
(29/64) for recurrent 

sx in 31 % (20/64), 
recurrent thrombosis 

in 8 % (5/64), or 

venous wall 

thickening in 6 % 

(4/64) 


Group I: 100 % 
Infraclavicular first 
rib resection, all who 
subclavius tendon 
resection, anterior 
and middle 
sclenectomy, and 
saphenous vein patch 
in 87 % (85/97) 
Same 

approach + extended 
hemi-sternotomy, 
and extended 
saphenous vein patch 
in 13 % (12/97) 


Group IT: 
Infraclavicular first 
rib resection with 
extended hemi- 
sternotomy, 
subclavius tendon 
resection, anterior 
and middle 
sclenectomy, and 
extended saphenous 
vein patch in 29 % 
(15/17) 


required 


(103/103) of 


underwent an 
operation 


treatment 
Venoplasty in 

45 % (29/64), 
mechanical 
thrombectomy in 
17 % (11/64), 
stent placement 
in 5 % (3/64) 


Group I: 
Venoplasty and 
stent placement 
in 7 % (7/97) 


Group II: 
Venoplasty and 
stent placement 
in 60 % (3/5) 


Recurrence rate 
0 % (0/29) in 
patients treated 
with lysis + anti- 
coagula- 

tion + decompres- 
sion, 23 % (8/35) 
in patients reated 
with 

Lysis + anticoagu- 
lation 


Group I: 0 % 


Group II: 0 % 


Post-op 
Anticoag 


3 months of 


coumadin 


8 weeks of 


couma- 


din + plavix 


Morbidity and 


mortality 

5 % (3/64), 
three small 
self resolving 
pneumotho- 
rax 


5 % (5/97), 1 
hematoma 


with RTOR, 2 


pneumotho- 
rax requiring 
chest tubes, 2 
lymphoceles 
requiring 
sclerotherapy 
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Outcome 


96 % (28/29) Patency @ 
mean F/U of 51 months 
asymptomatic in patients 
who underwent thromboly- 
sis + anticoagulation + early 
decompression 

93 % (27/29) asymptom- 
atic@ mean F/U of 51 
months asymptomatic in 
patients who underwent 
thrombolysis + anticoagula- 
tion+early decompression 
80 % (28/35) Patency @ 
mean F/U of 54 months 
asymptomatic in patients 
who underwent thromboly- 
sis + anticoagula- 

tion+ decompression for 
recurrence 

100 % (35/35) asymptom- 
atic@ mean F/U of 41 
months asymptomatic in 
patients who underwent 
thrombolysis + anticoagula- 
tion+ decompression for 
recurrence 

66 % (2/3) Stent patency at 
11 months of F/U 

Group I: 100 % (97/97) 
patency @ 62 months 
average F/U 


100 % (97/97) asymptom- 
atic @ 62 months average 
F/U 

100 % (7/7) stent Patency 
@ NR mean P/U (up to 

14 years) 

Group IT; 80 % (4/5) 
patency @ NR mean F/U 

0 % (0/12) asymptomatic @ 
NR mean F/U 
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Table 67.1 (continued) 


Author 

(year) [Ref] Institution Subjects 

Doyle University 34, mean age 33, 
(2007) [14] of Rochester 72 % right-sided, 


76 % male 


Urschel Baylor 608, mean age 32, 
(2008) [20] University side NR, 49.5 % 
Medical male 
Center, 
Dallas 


Interval from 
Dx to tx 


Group I 


(26)=Less than Effort thrombosis 
2 weeks, mean in 100 % (26/26) 


of 5.5 days 


Group II 
(8)=Greater 
than 4 weeks, 
mean NR 


Group I 
(36) = within 
6 weeks of 
thrombosis 


Group II 
(42)=no time 
interval NR 


Group III 
(506) = within 
6 weeks of 
thrombosis 
Group IV 
(42) =Greater 
than 6 weeks 
of thrombosis 


Type of VTOS 


Group I (26): 


diagnosed by 
venogram 


Group II (8): 
suclavian vein 
occlusion in 
100 % (8/8) 
diagnosed by 
venogram 


Substantial 
narrowing or 
occlusion on 
venogram in 
100 % of 
extremities 
(626/626) 


A.J. Doyle 


Interval from lysis 


Preop management to decomp 


Group I: 1-2 days 
Anticoagulation + throm- 

bolysis + venoplasty in 

35 % (9/26), lysis success 


rate 44 % (4/9) 


Anticoagulation + throm- 
bolysis 65 % (17/26), 
lysis success rate 71 % 
(12/17) 

Residual lesions in 56 % 
(9/16) 


Group IT: 
Anticoagulation in 75 % 
(6/8) 


Anticoagulation + veno- 
plasty in 25 % (2/8) 


Venoplasty in 42 % 
(11/26) 

Venoplasty success 
before decompression 
11 % (1/9) 

Group I= 100 % (36) 
managed with coumadin 


Group I=delayed 
decompression in 
72 % (26/36) with 
recurrent 


alone 


symptoms 
Group I= 100 % (42/42) Group Il=60 % 
(25/42) immediate 
decompression in 


managed with heparin 
and thrombolysis 


Group IIT=100 % Group III=100 % 

(506/506) managed with (506/506) 

heparin and thrombolysis immediate 
decompression 

Group IV=100 % Group IV=100 % 

(42/42) managed with (42/42) immediate 

heparin and thrombolysis decompression 
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Mode of decomp 
Group I: 
Decompression in 
92 % (24/26) 


Transaxillary first rib 
resection in 42 % 
(11/26), claviculec- 
tomy and venous 
reconstruction in 

50 % (13/26), with 
external venolysis, 
subclavius tendon 
resection, anterior 
sclenectomy in 

100 % (26/26) 
Group IT: 
Transaxillary first rib 
resection in 62.5 % 
(5/8), claviculectomy 
in 37.5 % (3/8), with 
external venolysis, 
subclavius tendon 
resection, anterior 
sclenectomy in 

100 % (8/8) 


Transaxillary first rib 
resection + sub- 
clavius tendon 
resection + anterior 
sclenectomy in over 
99 % (597/599) 
Additional 
supraclavicular 
incision used in less 
than 1 % (2/599) 
Thrombectomy 
performed in 8 % 
(48/599) 


Venous 
reconstruction Adjuvant 
required treatment 
47 % (16/34) 


of all comers 


Group I: 
Venoplasty in 
4 % (1/26) 


Group IT: 
Venoplasty in 
13 % (1/8) 


Venoplasty and 
stent placement 


in 13 % (1/8) 


Group I=none 


Group II=none 


Group III=none 


Group 
IV=7 % (3/42) 
(3/42) venous (roto-rooter 
reconstruction treatment) 


Group IV=7 % 
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Post-op Morbidity and 
Recurrence rate Anticoag mortality Outcome 
Group I: 6 months of 15 % (5/34) Group I: 100 % (13/13) 
Lysis + decom- coumadin overall patency, 92 % (12/13) 
pression (1/11) requiring asymptomatic @ 33 months 
intervention, average F/U with 
6 % (2/34) Lysis + decompres- 
hematoma sion +reconstruction 
Lysis + decom- with RTOR, 82 % (9/11) patency, 91 % 
pression +recon- 9 % (3/34) (10/11) asymptomatic @ 33 
struction 0 % with months average F/U with 
(0/13) pneumotho- — Lysis-+decompression 
Tax requiring —() % (0/2) patency, 0 % (0/2) 
chest tube asymptomatic @ 33 months 
placement average F/U with 
Lysis + anticoagulation 
Group II: Group II;100 % (3/3) 
Lysis + decom- patency, 100 % (3/3) 
pression (0/5) asymptomatic @ 33 months 
average F/U with 
decompression + reconstruc- 
tion 
Lysis + decom- 80 % (4/5) patency, 80 % 
pression + recon- (4/5) asymptomatic @ 33 
struction 0 % months average F/U with 
(0/3) decompression 
100 % (1/1) stent patency @ 
12 months F/U 
Group I=NR Group I: 0 % mortality, Patency NR for any group 
Coumadin morbidity NR Group 1=44 % (16/36) good 
to excellent results 
Group II=NR Group II/III/ Group II= 100 % (25/25) 
IV: none good to excellent results if 


treated with thrombolysis 
and immediate surgery 

0 % good to excellent 
results if treated with 
thrombolysis alone 

Group IIT=96 % (486/506) 
good to excellent results 


Group HI=NR 


Group IV=NR Group IV = 57 % (24/42) 


good to excellent results 


(continued) 
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Table 67.1 (continued) 


Author 

(year) [Ref] Institution 

Guzzo The Johns 

(2010) [27] Hopkins 
Hospital 


Interval from 


Group II (65): 
8.3 months 


Table 67.2 Results of thrombolysis in VTOS 


Author (year) [Ref] 
Sheeran (1997) [44] 
Adelman (1997) [25] 


Lee (1998) [30] 
Azakie (1998) [55] 
Feugier (2001) [56] 


Kreienberg (2001) [53] 
Lokanathan (2001) [58] 
Schneider (2004) [19] 


Molina (2007) [18] 


Doyle (2007) [14] 
Stone (2010) [45] 


Subjects Dx to tx Type of VTOS Preop management 
103, mean age 31, | GroupI(45): DUS, venography, Group I=87 % (39/45) 
side NR, 51 % male 5.4 months CT, or MR in managed with 
100 % (110/110) anticoagulation 
Thrombolysis in 100 % 
(45/45) 


Preoperative venoplasty 
in 44 % (20/45) 

Group II=65 % (42/65) 
anticoagulation alone 


Attempted 

Institution Interval from Dx to tx thrombolysis 
UCONN and Brown 3.9 days 14 
NYU Within 8 days 82% 17 

(14/17), greater than 

8 days in 18 % (3/17) 
Brigham and Women’s Hospital _— Less than 2.5 weeks 11 
UCSF and Washington University Less than 2 weeks 17 
St. Louis, Mo 
Edouard Herriot Hospital, Lyon, 5.2 days 7 
France 
Albany 9.4 days 23 
University of British Columbia 5.5 days 25 
UCSF and Thomas Jefferson Less than 4 weeks 21 
University 
University of Minnesota 5.6 days 97 

34 days 17 
University of Rochester 5.5 days 26 
Dartmouth-Hitchcoc Medical 12 days 30 
Center 

Overall 305 


Table 67.3 Results of Venoplasty prior to TOS decompression 


Author (year) [Ref] 
Lee (1998) [30] 
Azakie (1998) [55] 
Doyle (2007) [14] 


Institution 


Brigham and Women’s Hospital 


Pre-decompression 


Overall 


UCSF and Washington University St. Louis, Mo 6 
University of Rochester 


venoplasty 

5 0 
0 

9 1 

20 


A.J. Doyle 


Interval from lysis 
to decomp 


Group I (45): 5.4 
months 


Group II (65): 8.3 
months 


Successful 
thrombolysis 


13 
12 


280/305 = 92 % 
success 


Pre-decompression 
venoplasty success 


(1/20) =5 % success 
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Venous 
reconstruction Adjuvant 
Mode of decomp required treatment 
Transaxillary first rib None 


resection + sub- 


Group I: 
venoplasty in 
47 % (21/45) 


(2/45) 
clavius tendon 
resection + anterior 
sclenectomy in over 
100 % (110/110) 


Group IT: 


venoplasty in (3/65) 


56 % (36/65) 


in only 23 % of patients treated with thromboly- 
sis and anticoagulation alone [16]. This series 
and others, however, neglect the morbidity of 
those observed who subsequently require sur- 
gery, and reduced rate of long-term “perfect” out- 
comes with this algorithm. Quality of life and 
functional assessments following initial decom- 
pressive surgery for VTOS are excellent [50, 
ol). 

Many VTOS patients present relatively late 
after onset of symptoms. The Hopkins group has 
an unusually large experience with this popula- 
tion, and have shown excellent functional out- 
comes and restoration of patency in what would 
traditionally be considered chronic VTOS 
patients [27]. 





Post-decompression Angioplasty, 
Stenting, and Reconstruction 


The use of venoplasty following thoracic outlet 
decompression has been reported to have excel- 
lent long-term outcomes (Table 67.4), although 
no prospective comparison trials have been per- 
formed. Selective stent placement has been shown 
variable rates of success in decompressed tho- 
racic outlets (Table 67.5) [45, 49, 52, 53]. It 
should be stressed that a recalcitrant venous 
lesion that may require stenting (after failed 
venoplasty) as a marker of an only partially 
decompressed thoracic outlet. Caution should be 


Recurrence rate 
Group I: in 4 % 


Group Il=5 % 
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Post-op Morbidity and 


mortality Outcome 

Group I: 91 % (41/45) 
patency and 96 % (43/45) 
asymptomatic @ 20 months 


mean F/U 


Anticoag 


Coumadin NR 
for 6 months 

or until 

patency was 
restored 


Group II: 91 % (59/65) 
patency and 98 % (64/65) 
asymptomatic @ 15 months 
mean F/U 


used with stenting the thoracic outlet as even 
those with a perfect result will fail at a certain 
rate, and will then require a much larger opera- 
tion. We suggest the use of angioplasty whenever 
possible, with a conservative attitude toward 
stenting. There are only limited long-term data 
comparing stents in the thoracic outlet to venous 
reconstruction, which has excellent long-term 
efficacy and patency when performed at centers 
of excellence (Table 67.6) [14, 18, 28]. 



































Intention to Treat Analysis of VTOS 
Treatment Algorithms 


Figure 67.1 describes the outcome of 964 patients 
with VTOS who present within 6 weeks of symp- 
tom onset, divided by initial treatment modality, 
anticoagulation or thrombolysis. Those who 
are initially treated with anticoagulation alone 
are divided by whether they undergo thoracic 
outlet decompression or no further treatment, 
and those who undergo thrombolysis by those 
who undergo delayed first rib resection (FRR), 
immediate FRR, FRR and stenting, or no imme- 
diate treatment (with FRR reserved for recurrent 
symptoms). 

Overall, the best results are seen in those who 
undergo thrombolysis and immediate first rib 
resection. Patients managed with anticoagulation 
alone regardless of subsequent treatment did 
worse than any other group. Patency and 
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Table 67.4 Results of venoplasty following TOS decompression 


Author (year) [Ref] 
Sheeran (1997) [44] 


Azakie (1998) [55] 


Angle (2001) [35] 
Angle (2001) [35] 


Kreienberg (2001) [53] 


Coletta (2001) [57] 


Schneider (2004) [19] 


Lee (2006) [16] 


Guzzo (2010) [27] 


Stone (2010) [45] 


Institution 
UCONN and Brown 


UCSF and Washington 
University St. Louis, 
Mo 


UCLA 





UCLA 


Albany 


Naval Medical center 
San Diego 


UCSF and Thomas 
Jefferson University 


Sanford 


The Johns Hopkins 
Hospital 


Dartmouth-Hitchcoc 
Medical Center 


Venoplasty 
36 % (5/14) 


19 % (4/21), 

100 % (4/4) 
success rate 

22 % (2/9), 100 % 
(2/2) success rate 


33 % (3/9), 100 % 
(3/3) success rate 


39 % (9/23) 


11 % (2/18) 


64 % (16/25), 
success =less than 
30 % residual 
stenosis in 100 % 
(16/16) 

45 % (29/64) 


Group I: 47 % 
(21/45) 

Group II: 56 % 
(36/65) 

3 % (1/36) 


Table 67.5 Results of venous stents following TOS decompression 


Author (year) [Ref] 
Kreienberg (2001) [53] 


Coletta (2001) [57] 


Lee (2006) [16] 
Molina (2007) [18] 
Doyle (2007) [14] 


Stone (2010) [45] 


Institution 
Albany 


Naval Medical center 
San Diego 


Sanford 


University of 
Minnesota 
University of 
Rochester 
Dartmouth-Hitchcoc 
Medical Center 


Post-decompression 
stenting 


Venoplasty and stenting 


in 61 % (14/23) 


Venoplsty + stent in 
33 % (6/18) 


Stent placement in 5 % 


(3/64) 
Venoplasty and stent 


placement in 7 % (7/97) 


Venoplasty and stent 


placement in 13 % (1/8) 


Stent placement in 
31 % (11/36) 


A.J. Doyle 


Outcome 


80 % (4/5) asymptomatic with lysis and 
immediate FRR or Venous recon @ 16 months 
mean F/U 

100 % (21/21) patency @ between | week and 
3 months F/U, 95 % (20/21) asymptomatic @ 
31 months average F/U 

100 % patent (9/9) @ 2 weeks F/U, 100 % 
asymptomatic (9/9) @ 51 days median F/U 
100 % patent (9/9) @ 2 weeks F/U, 100 % 
asymptomatic (9/9) @ 51 days median F/U 
100 % patency (9/9) and 100 % asymptomatic 
in patients who underwent lysis + decompres- 
sion+ venoplasty @ 48 months mean F/U 
Patency not reported, 100 % (2/2) 
asymptomatic in patients who underwent 
Thrombolysis + anticoagulation + 
decompression + venoplasty 

92 % primary patency @ 12 months by life 
table analysis, 96 % secondary patency @ 

12 months by life table analysis, 96 % 
asymptomatic @ 12 months F/U 


96 % (28/29) Patency, 93 % (27/29) asymp- 
tomatic @ mean @ mean F/U of 51 months in 
patients who underwent Thrombolysis + 
anticoagulation + early decompression 

Group I: 91 % (41/45) patency and 96 % 
(43/45) asymptomatic @ 20 months mean F/U 
Group II: 91 % (59/65) patency and 98 % 
(64/65) asymptomatic @ 15 months mean F/U 
94 % patency @ 60 months by life table 
analysis, 86 % asymptomatic @ NR interval 


Outcome 

64 % patency (9/14) and 57 % asymp- 
tomatic (8/14) in patients who underwent 
lysis + decompression + venoplasty + stent 
@ 36 months mean F/U 

Patency not reported, 83 % (5/6) 
asymptomatic in patients who underwent 
Thrombolysis + anticoagulation + decom- 
pression + venoplasty + stent 

66 % (2/3) Stent patency at 11 months 
of F/U 

100 % (7/7) stent Patency @ NR mean 
F/U (up to 14 years) 

100 % (1/1) stent patency @ 12 months 
F/U 


Stent patency NR 
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Table 67.6 Results of venous reconstruction for VTOS 


Author (year) [Ref] Institution Venous reconstruction required 
Molina (2007) [18] | University 100 % (103/103) of all who 

of Minnesota underwent an operation 
Doyle (2007) [14] University 47 % (16/34) of all comers 

of Rochester 
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Outcome 

99 % (102/103) patency, 95 % (98/103) 
asymptomatic @ 62 months average F/U 
100 % (16/16) patency, 94 % (15/16) 
asymptomatic @ 33 months average F/U 
with Lysis + decompression + reconstruction 


Axillosubclavian vein thrombosis- treatment within 6 weeks of symptom onset 


Anticoagulation + 
thrombolysis 


Delayed 
decompression or 


reconstruction 






Immediate 
decompression or 
reconstruction 


Immediate 
decompression or 


reconstruction + 
stent placement 





Ee ae rae] 

% Recurrence [NGWAVS2NN 1 % (8/712) 
% Decompressed [lOOW(S2/32)5 100 % (712/712) 
%Venoplasty [NGISNG/S2NN 12 % (84/707) 
% Asymptomatic [S7IAKSTS2)N) 96 % (684/712) 

| 100 % (32/32) 
[22 months 


20 % (6/30) 
100 % (30/30) 
100 % (30/30) 
74 % (20/712) 
75 % (18/24) 
42 months 










% Patent 98 % (186/189) 
Average F/U 42 months 


Fig.67.1 Treatments outcomes in acute VTOS 


asymptomatic status following thrombolysis and 
FRR are better than following thrombolysis fol- 
lowed by FRR and stent placement, or thomboy- 
sis followed by no further treatment. 

The results of algorithms applied to those with 
VTOS who present with symptoms of more than 
6 weeks are presented in Fig. 67.2. One hun- 
dred and seventy-seven patients were divided 
by initial treatment modality, anticoagulation 
versus thrombolysis. Patients initially treated 


No further 
treatment 


62 % (58/93) 
56 % (77/137) 







Anticoagulation alone 


Decompression or No further 
reconstruction treatment 






0 % (0/10) 
100 % (10/10) 


2% (1/42) 
60 % (26/43) 







40 % (40/99) 20 % (2/10) 0 % (0/36) 
66 % (90/137) 60 % (6/10) 51 % (22/43) 
80 % (69/86) 100 % (10/10) 86 % (6/7) 









40 months 26 months 51 months 


with thrombolysis have better outcomes than 
those with no further treatment. Patients initially 
treated with anticoagulation and thoracic outlet 
decompression appear to have similar results to 
those treated with thrombolysis and decompres- 
sion. No modern studies report outcomes for anti- 
coagulation alone in chronic VTOS. Historical 
studies report significantly lower rates of patency 
and asymptomatic status in similarly managed 
patient cohorts [9]. 
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Axillosubclavian vein thrombosis- treatment after greater than 6 weeks from symptom onset 















Anticoagulation + 


























thrombolysis 

FRR and or No further a No further 

reconstruction treatment reconstruction treatment 
Recurrence /SEZ1sc5 nr 4% (2/45) Na 
PasTESSIN 0 % (0/12) 100 % (45/45) Na 

reconstruction 

Venoplasty 0 % (0/12) 47 % (21/45) Na 
% Asymptomatic 0 % (0/12) 96 % (43/45) Na 
% Improved nr 100 % (45/45) Na 
% patent nr 91 % (41/45) Na 
Average F/U nr 20 months Na 





Fig.67.2 Treatments outcomes in chronic VTOS 


Suggested Treatment Algorithm 


Figure 67.3 is a treatment algorithm for VTOS 
that integrates the results of modern literature and 
existing evidence-based recommendations 
[14, 18, 20, 27]. 


Conclusion 

Current treatment of VTOS involves multi- 
modal and often tailored treatment, and the 
data surrounding long-term outcomes of the 
varying institutional treatment algorithms are 
often difficult to accurately interpret. While 
no prospective randomized trials have been 


Anticoagulation 
alone 



































reported, the bulk of available data suggest 
that patients who present with acute subcla- 
vian vein thrombosis should be managed with 
thrombolysis followed by immediate first rib 
resection. Even if presentation is delayed, sur- 
gical decompression is of benefit. Figure 67.3 
represents a treatment algorithm that takes 
into account the reporting and selection biases 
in the surgical literature and incorporates other 
evidence-based recommendations. Hopefully 
in the near future multi-institution prospective 
collaborations will be possible and allow 
further clarification of the natural history and 
optimal treatment for patients with VTOS. 
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Axillosubclavian vein thrombosis- clinical evaluation and Ultrasound 


Catheter removal not routinely recommended, unless 
malfunction, infection, failure of anticoagulation, or 
no longer needed (grade II, class C) 











Unfractionated heparin or low-molecular-weight heparin for at least 5 days (grade 1, class C) 

















Symptom status 


No SVC filter placement except failure of or 
contraindication to anticoagulation (grade II, class C) 









































































































































intervention, surgery, or staged 
procedures (grade |, class C) 





or recurrent 





No thrombolysis, catheter Catheter-directed 








thrombolysis (if bleeding risk 
is low) (grade II, class C) Y 








None to mild K€ —>| Moderate to severe 
Y 
Catheter interventions in all followed by surgical procedures in cases of persistent 
symptoms, failure of anticoagulation, or failure of thrombolysis (grade II, class C) 
Y 
Etiology 
Y 
Secondary Primary 
Successful wire passage, Att nf Unsuccessful wire passage 
perform venogram and < erope wireipassage > 
thrombolysis Y 
Y 1st rib resection 
Symptom status Y 
Symptom status 
2 weeks post-op 
Y vy Mild to severe, 











1st rib resection 











Y 





Y 





Symptom status 2 
weeks thrombolysis 














Symptom status 
2 weeks post-op 















































Mild to severe 


None 
Y 
Venogram, thrombolysis if re- 


thrombosis, venoplasty if stenotsis 





























Occluded vein with 
severe symptoms 























5 y Moderate Vein patent with no to 
Mild to none to severe moderate symptoms Y 
Consider venous 
reconstruction 
Y Y Y + 





Vitamin K antagonist for > 3 months (grade |, class C) 


Fig. 67.3 VTOS treatment algorithm 
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Abstract 


Patients that have undergone treatment for venous TOS generally have 
excellent clinical outcomes, but a small proportion of individuals may 
present with persistent or recurrent upper extremity symptoms. The pur- 
pose of this chapter is to outline the spectrum of conditions that should be 
considered in evaluation of such patients and a systematic approach to 
address these problems. It can be expected that with comprehensive evalu- 
ation and appropriate treatment, the majority of patients with persistent or 
recurrent venous TOS can experience decreased symptoms and restoration 
of normal upper extremity function. 


Introduction 


Patients that have undergone treatment for venous 
TOS generally have excellent clinical outcomes, 
with the majority experiencing a decrease in 
symptoms and restoration of normal upper 
extremity function [1-4]. However, there remain 
a small proportion of patients who have persis- 
tent symptoms despite previous treatment, or 
who subsequently develop recurrent symptoms 
after a variable symptom-free interval. Evaluation 
and treatment of such patients is a substantial 
challenge and it requires careful delineation of 
the nature and time-course of the symptoms 
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described, consideration of the type and results of 
previous procedures, and performance of accu- 
rate imaging studies by which to guide treatment 
decisions. The initial treatment options for 
patients presenting with venous TOS are summa- 
rized in Table 68.1 and discussed in detail else- 
where in this text. 


Clinical Characterization of Symptoms 


The first step in evaluation is to accurately deter- 
mine the nature of the original symptoms for 
which previous treatment was undertaken and to 
characterize how they relate to the current symp- 
toms (Table 68.2). Patients that have been treated 
for venous TOS will typically describe an epi- 
sode of spontaneous upper extremity swelling 
and discoloration characteristic of axillary- 
subclavian vein effort thrombosis (Paget-Schroetter 
syndrome), but may have had symptoms of more 
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chronic intermittent arm swelling and cyanosis 
suggesting non-thrombotic positional axillary- 
subclavian vein obstruction [5, 6]. In either case, 
it is likely that the previous diagnosis was guided 
by findings of axillary-subclavian vein obstruc- 
tion on venography. If patients that have had 
these symptoms are being evaluated for similar 
upper extremity symptoms dominated by swell- 
ing and discoloration, it is likely that this repre- 
sents authentic persistent/recurrent venous TOS. 

In contrast, some patients that were previously 
treated for venous TOS may describe original 
symptoms that included or were dominated by 
upper extremity and/or neck pain, with numbness 
and paresthesias in the arm or hand. These symp- 
toms suggest the presence of neurogenic TOS due 
to brachial plexus compression and irritation [7], 


Table 68.1 Initial treatment options for venous TOS 


Anticoagulation 
Alone as primary treatment 


As a bridge to surgical treatment following 
thrombolysis 


Interventions 
Catheter thrombolysis (TPA Infusion) 
Catheter thrombectomy (Pharmacomechanical) 
+ Balloon angioplasty 
+Stent placement 
Surgery 
Transaxillary first rib resection (subtotal or 
complete) 
Infraclavicular first rib resection (subtotal) 
+ Direct subclavian vein reconstruction (patch 
angioplasty) 
Paraclavicular first rib resection (complete) 
+ Direct subclavian vein reconstruction (patch 
angioplasty or vein bypass) 
Intraoperative balloon angioplasty + stent placement 


Follow-up venography/balloon angioplasty/stent 
placement 
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which may have been present along with veno- 
graphic findings of axillary-subclavian vein 
obstruction. In these situations it is important to 
consider if the nature of the original symptoms 
might have actually represented neurogenic TOS, 
for which the treatment provided may have had 
little effect if directed solely toward the veno- 
graphic findings. Other patients may have initially 
undergone appropriate treatment for authentic 
venous TOS, but have subsequently developed 
different symptoms more characteristic of neuro- 
genic TOS, perhaps as a result of extended local 
inflammatory responses surrounding the occluded 
subclavian vein, leading to scalene muscle spasm 
and brachial plexus irritation. It is therefore crucial 
to accurately evaluate the nature of the current 
symptoms in order to determine the most appro- 
priate steps to be taken in further diagnosis and 
consideration of treatment options. 

The second step in evaluation is to charac- 
terize the time-course of the current symptoms 
in relation to the previous treatment for venous 
TOS (Table 68.2). For example, if the original 
symptoms merely included arm swelling and 
discoloration but were dominated by findings 
suggesting neurogenic TOS, and were unaltered 
by the treatment provided, the patient is con- 
sidered to have persistent primary neurogenic 
TOS that was either present initially as the domi- 
nant problem (if the evidence for venous TOS 
appears to have been weak) or was present as a 
co-existing but undetected condition along with 
venous TOS. Even if the original symptoms 
were dominated by arm swelling and discolor- 
ation and resolved following previous treatment, 
if the current symptoms are dominated by pain, 
numbness and paresthesias the patient is consid- 
ered to have secondary neurogenic TOS that has 
either progressed since the original treatment or 


Table 68.2 Characterization of persistent/recurrent venous TOS 


Outcome of initial treatment 
for VTOS 


No resolution 


Dominant original 
symptoms 

Arm pain/paresthesias 
Arm swelling/cyanosis Resolution >6 weeks 
Arm swelling/cyanosis No resolution 


Arm swelling/cyanosis Resolution >6 weeks 


Abbreviations: NTOS neurogenic TOS, VTOS venous TOS 


Dominant current 


symptoms Clinical classification 
Arm pain/paresthesias Primary NTOS 

Arm pain/paresthesias Secondary NTOS 
Arm swelling/cyanosis Persistent VTOS 
Arm swelling/cyanosis Recurrent VTOS 
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Table 68.3 Evaluation and treatment options for persistent/recurrent venous TOS 


Evaluations needed 
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Treatment options 


Classification Previous treatment 
Primary NTOS Surgical or 
Non-surgical 
Secondary NTOS Surgical or 
Non-surgical 
Persistent VTOS Non-surgical 
Persistent VTOS Surgical 
Recurrent VTOS Surgical 


PhysRx, ASM/PM Block, PhysRx 
Venogram, CT/MRI Operation 
PhysRx, ASM/PM Block, PhysRx 
Venogram, CT/MRI Operation 
Venogram Anticoagulation 
Intervention 
Operation 
Venogram, CT/MRI Anticoagulation 
Intervention 
Operation 
Venogram, CT/MRI Anticoagulation 
Intervention 
Operation 


Abbreviations: NTOS neurogenic TOS, VTOS venous TOS, PhysRx physical therapy, ASM anterior scalene muscle, PM 
pectoralis minor muscle, CT computed tomography, MRI magnetic resonance imaging 


has developed as a subsequent dominant prob- 
lem despite successful previous treatment for 
axillary-subclavian vein obstruction. If the origi- 
nal symptoms were dominated by arm swelling 
and discoloration and this was not substantially 
altered by the previous treatment, the patient is 
considered to have persistent venous TOS. This 
may occur if the initial treatment was inadequate 
to relieve subclavian vein obstruction and collat- 
eral vein expansion has been insufficient to pre- 
vent venous congestion. Finally, if the original 
symptoms were dominated by arm swelling and 
discoloration with resolution for a period of at 
least 6 weeks following the previous treatment, 
but the patient now exhibits symptoms that are 
similar to those originally present, the patient is 
considered likely to have recurrent venous TOS. 
This may occur as a result of inadequate previous 
subclavian vein decompression, distal extension 
of previous thrombus, or de novo rethrombosis 
within the axillary or subclavian veins, caus- 
ing obstruction of either the axillary-subclavian 
vein and/or principal venous collaterals. Based 
on the preceding evaluation, each patient can be 
classified with respect to the most likely cause 
of the current symptoms (Table 68.2). This will 
then help guide the further studies that may be 
needed to develop an appropriate treatment plan 
(Table 68.3). 





Further Evaluation and Treatment 
Options 


Persistent Primary and Secondary 
Neurogenic TOS 


For patients with current symptoms that are dom- 
inated by upper extremity pain, numbness and 
paresthesias, physical examination should focus 
on defining if these symptoms can be best 
explained by the presence of neurogenic TOS 
[8, 9]. Confirmatory findings include a history of 
positional exacerbation of neural symptoms in 
the absence of overt arm swelling, localizing ten- 
derness to palpation over the scalene triangle and/ 
or subcoracoid space, and reproduction of symp- 
toms during positional maneuvers, such as the 
3-min elevated arm stress test (EAST), particularly 
when this occurs without significant arm swell- 
ing. More specific evaluation to assess neuro- 
genic TOS may include anterior scalene muscle 
and/or pectoralis minor muscle anesthetic blocks, 
especially if previous treatment did not include a 
scalenectomy [10]. 

As in other situations involving the possibil- 
ity of central subclavian vein obstruction, 
Duplex ultrasound studies are not sufficiently 
accurate to be of significant value, and would 
only be useful if positive for the presence of 
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chronic axillary-subclavian vein occlusion. In 
most instances it is helpful to perform a contrast 
venogram, with variations in arm position to 
determine the presence or absence of subclavian 
vein obstruction. This is done with the recogni- 
tion that venography may be negative in these 
clinical circumstances, and will thereby serve 
only to confirm the clinical diagnosis as related to 
neurogenic TOS. Contrast-enhanced CT and 
MRI studies are also useful for delineating the 
vascular and bony anatomy related to the previ- 
ous operation and the current status of the central 
vessels, and may preclude the need for catheter- 
based venography if performed appropriately. 

In the event that a diagnosis of persistent pri- 
mary or secondary neurogenic TOS is confirmed, 
the initial steps in treatment are focused on 
TOS-specific physical therapy and other non- 
operative measures (Table 68.3). If this does not 
result in a sufficient improvement in symptoms, 
operative or reoperative treatment may be con- 
sidered. The optimal surgical approach used in 
these circumstances will depend on the opera- 
tive approach that was used in the previous 
operation, as well as the degree of familiarity 
and comfort of the surgeon with reoperative 
procedures for neurogenic TOS. 


Persistent/Recurrent Venous TOS 


In patients with current symptoms that are domi- 
nated by arm swelling and discoloration, either at 
rest or with upper extremity activity, further eval- 
uation is targeted toward defining the presence, 
extent and cause of axillary-subclavian vein 
obstruction. As noted above, Duplex ultrasound 
studies of the subclavian vein are not sufficiently 
accurate to exclude central subclavian vein 
obstruction, and may thereby lead to false assur- 
ance that the subclavian vein is patent in those 
with recurrent symptoms. CT- or MR-based 
angiography is a valuable alternative as an initial 
step in this regard, as both studies can be per- 
formed with positional maneuvers and provide 
sufficiently accurate imaging of the subclavian 
vein to exclude central obstruction. In most cases, 
a catheter-based upper extremity venogram will 
be necessary to accurately visualize the entire 
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axillary vein, subclavian vein, and collateral 
venous pathways. If there is a residual obstruc- 
tion of the subclavian vein, either at rest or with 
arm elevation, the diagnosis of persistent/recur- 
rent venous TOS is confirmed. In this event, plain 
radiographs and CT studies (with bone windows 
and 3-dimensional reconstruction) may also be a 
useful adjunct to visualize the bony structures 
related to the previous operation and to facilitate 
further treatment planning. 

As with patients initially presenting with sub- 
clavian vein effort thrombosis, the treatment 
options for persistent/recurrent venous TOS 
revolve around the use of chronic anticoagula- 
tion, use of compression garments and other con- 
servative measures, versus catheter-based 
interventions and various forms of reoperation 
(Table 68.3). Chronic anticoagulation may be a 
useful option if the symptoms are relatively mild 
and solely present with upper extremity exertion, 
and if the patient is not dependent on active use 
of the upper extremity for occupational or recre- 
ational purposes. This approach is limited by 
some degree of risk for the subsequent extension 
of thrombus or development of rethrombosis, 
even with maintenance of satisfactory anticoagu- 
lation. Furthermore, the appropriate duration of 
anticoagulation for such patients is unknown, and 
may need to be considered for years or even as 
lifelong treatment in some patients. Although it 
has been suggested that long-term anticoagula- 
tion may be associated with recanalization of the 
chronically occluded axillary-subclavian vein, 
this has not been demonstrated by direct veno- 
graphic studies; [11—13] rather, it is more likely 
that patients with longstanding subclavian vein 
occlusion tend to continue developing increased 
collateral vein capacity over time along with a 
gradual reduction in symptoms (Fig. 68.1). 

Initial intervention for persistent/recurrent 
venous TOS may include catheter-based proce- 
dures, particularly if venographic studies have 
demonstrated a patent axillary vein and a short- 
segment subclavian vein obstruction. In this cir- 
cumstance balloon angioplasty may be considered 
as a first step to determine the physiological 
significance of the observed lesion, by assessing 
if the patient experiences an improvement in 
symptoms following resolution of the venous 
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Fig. 68.1 Conservative management of persistent venous 
TOS. A patient with persistent symptoms of venous TOS 
presenting 6 weeks after an infraclavicular first rib resec- 
tion for subclavian vein effort thrombosis. (a) A right 
upper extremity venogram demonstrates a long-segment 
axillary-subclavian vein occlusion with dense collateral 
veins. Reoperative treatment was not advised given that a 


stenosis. It is recognized that balloon angioplasty 
is often technically limited in this situation, 
especially if there is fibrous scarring within and 
around the subclavian vein, thereby precluding 
complete balloon expansion, and rapid elastic 
recoil is often observed immediately after bal- 
loon angioplasty, thereby predicting early recur- 
rence. Although placement of indwelling venous 
stents is not advocated in patients during initial 
treatment of venous TOS, this may be an alterna- 
tive consideration in situations where a thoracic 
outlet decompression procedure with first rib 
resection has already been performed. 
Nonetheless, there is little experience with long- 
term use of venous stents in the axillary- 
subclavian vein and in most situations a 
reoperative strategy is more likely to be favored. 
In addition, it is notable that chronic occlusion of 
a long segment of the subclavian vein, particu- 
larly extending into the axillary vein at the level 
of the shoulder, will preclude the potential use of 
interventional techniques. 





Reoperations for Venous TOS 


Reoperation for persistent/recurrent venous 
TOS is a feasible option and will most often 
appear to be the approach of choice for patients 
with these complicated conditions. The principal 


complete resection of the anterior first rib had been per- 
formed and the lack of a suitable inflow vein for bypass graft 
reconstruction. The patient was maintained on oral antico- 
agulation and experienced a gradual decrease in symptoms. 
(b) A follow-up venogram 6 months later demonstrated per- 
sistent occlusion of the axillary-subclavian vein with a mod- 
erate enlargement of the collateral vein pathways 


goals of such reoperative procedures are to ensure 
complete decompression of the musculoskeletal 
anatomy of the thoracic outlet and to obtain a pat- 
ent axillary-subclavian vein, either by external 
venolysis (excision of fibrous scar tissue from the 
outside of the vein, permitting re-expansion when 
the underlying vein is normal) or by direct recon- 
struction with patch angioplasty or bypass graft- 
ing when the underlying vein harbors residual 
fibrous wall thickening, chronic occlusion, or a 
previously-placed venous stent. Preoperative 
delineation of the bony anatomy is important to 
determine if there is a residual remnant of the 
first rib that should be removed during reopera- 
tive decompression, and examination of the veno- 
graphic studies should demonstrate that there is 
an inflow vein of sufficient caliber upon which to 
base a bypass graft if venous reconstruction is to 
be considered. In selected circumstances where 
there is extensive chronic occlusion of the axil- 
lary-subclavian vein, reoperation may be excep- 
tionally difficult and restoration of a patent 
subclavian vein not feasible even with bypass 
grafting. While decompression alone may still 
improve collateral vein function, in these circum- 
stances continued anticoagulation is recom- 
mended to prevent additional extension of 
thrombus, while in the hope that there will be a 
progressive increase in collateral vein capacity 
over time (Fig. 68.1). 
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Table 68.4 Reoperations for venous thoracic outlet syndrome, 2008-2011 





Reoperative Bone 
Age, sex Side Previous operation Time interval TOS Dx approach pathology Treatment for SCV 
19M R IC FRR 1 year RV Paraclavicular FR Remn Graft bypass, AVF 
22M R PC FRR 7 month RV Infraclavicular FR Remn Graft bypass, AVF 
38 F L PC FRR 2 year RV Paraclavicular FR Remn Graft bypass, AVF 
19M L TAx FRR 6 month PV Paraclavicular FR Remn Venolysis 
23F R TAx FRR 6 month PV+SN_ Paraclavicular FR Remn Vein patch, AVF 
41F R SC 5 year RV+SN_ Paraclavicular FR Remn/Fx Vein bypass, AVF 
30 F L TAx FRR 1 year PV+SN_ Paraclavicular FR Remn/Fx Vein bypass, AVF 
20M R PC FRR 2 year RV+SN_ Paraclavicular FR Remn Venolysis 


All patients were referred to Washington University Center for Thoracic Outlet Syndrome at Barnes-Jewish Hospital 
(St. Louis) after initial operations performed elsewhere. Time interval refers to the period of time from the initial opera- 
tion for venous TOS to the current presentation with persistent/recurrent symptoms 

Abbreviations: /C infraclavicular, PC paraclavicular, SC supraclavicular, TAx transaxillary, FRR first rib resection, 
Remn remnant, Fx fracture (occult), AVF arterio-venous fistula (radiocephalic, temporary), PV persistent venous TOS, 
RV recurrent venous TOS, PN persistent neurogenic TOS, SN secondary neurogenic TOS 


Reoperations for persistent/recurrent venous 
TOS are exceptionally rare and technically 
challenging, and should be performed only after 
careful consideration of all alternatives and by 
those with ample experience in the operative 
management of all forms of TOS. It is notable 
that even with an active practice centered upon 
TOS in our institution, we have encountered only 
8 patients requiring reoperations of this type over 
the past 3 years, representing 5.7 % of the opera- 
tions performed for venous TOS during this inter- 
val (Table 68.4). Several examples of patients 
that have undergone reoperative procedures for 
persistent/recurrent venous TOS are illustrated in 
Figs. 68.2, 68.3, and 68.4. 

Regardless of the surgical approach that was 
used in the initial operation, we have come to 
believe that the paraclavicular approach provides 
the most comprehensive exposure for reopera- 
tions for venous TOS and that it allows the great- 
est flexibility inmanaging the various abnormalities 
that might be encountered [14-19]. Most fre- 
quently, we have found that there is a remaining 
remnant of the first rib, particularly in the antero- 
medial segment close to the subclavian vein, and 
frequently a portion of the anterior scalene mus- 
cle, often tightly reattached to the first rib rem- 
nant. In some cases we have observed the presence 
of occult stress fractures of the anterior first rib, 
similar to our observations in patients undergoing 


operation for primary venous TOS [20]. The 
initial steps in decompression thereby involve 
complete resection of the first rib and scalene 
muscles, with adequate mobilization and protec- 
tion of the brachial plexus nerve roots, followed 
by exposure of the entire axillary-subclavian vein 
and excision of surrounding fibrous scar tissue 
(external venolysis). Once this has been accom- 
plished, an intraoperative venogram is performed 
and the need for any further venous reconstruc- 
tion is determined. Vein patch angioplasty is per- 
formed for short focal stenotic lesions of the 
subclavian vein, but bypass graft construction is 
used when there are serial stenoses or a long seg- 
ment occlusion, similar to the approaches we have 
used in operations for primary venous TOS (see 
Chap. 63). In addition, for patients undergoing 
subclavian vein reconstruction we frequently 
employ construction of a temporary radiocephalic 
arteriovenous fistula (AVF), as an adjunct to aug- 
ment postoperative upper extremity venous flow, 
and thereby diminish any propensity toward early 
thrombosis. All patients are also treated with anti- 
coagulation for a period of 12 weeks following 
operation, with a gradual increase in upper extrem- 
ity activity. Following these approaches it has 
been our experience that successful reoperations 
for venous TOS can regularly result in durable 
patency to the axillary-subclavian vein and resto- 
ration of normal upper extremity function. 
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Fig. 68.2 Reoperative procedures for persistent venous 
TOS. (a-c) A patient with left-sided persistent venous 
TOS that had a previous transaxillary first rib resection 
and stents placed in the subclavian and axillary veins 
1 year previously. A chest radiograph prior to reoperation 
(a) shows the location of the stents (arrows), compared 
with a postoperative chest radiograph (b) showing the 
superimposed specimens of residual first rib that were 
resected during paraclavicular decompression, followed 
by vein reconstruction with an axillary-to-innominate 
vein bypass graft. The anterior first rib specimen (c) dem- 
onstrates complete calcification and an occult fracture 
(arrows). (d-f) A patient with persistent left-sided venous 
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TOS 6 months following a transaxillary first rib resec- 
tion. CT image with bone windows and 3-dimensional 
reconstruction showing the residual anterior and poste- 
rior remnants of the first rib (d, white arrows), with max1- 
mal intensity projection (MIP) images from the 
contrast-enhanced study demonstrating compressive sub- 
clavian vein stenosis at the level of the residual anterior 
first rib (e, white arrows). Reoperation was performed by 
a paraclavicular approach with resection of the anterior 
and posterior first rib remnants (f), but further reconstruc- 
tion of the subclavian vein was not necessary following 
external venolysis alone (Adapted from Sheng et al. [20]. 
With permission from Elsevier) 
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Fig. 68.3 Reoperative procedures for recurrent venous 
TOS. (a-c) A patient with right-sided recurrent venous 
TOS (and secondary neurogenic TOS) that developed 
2 years after a paraclavicular first rib resection. An MR 
angiogram prior to reoperation shows a high-grade subcla- 
vian vein stenosis at the level of an anterior first rib rem- 
nant. (a) Following  reoperative —_ paraclavicular 
decompression with resection of the anterior first rib rem- 
nant and external venolysis, an intraoperative venogram 
demonstrates a widely patent subclavian vein and no col- 
lateral vein filling, both with the arm at rest (b) and in 
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elevation. (c) (d-e) A patient with recurrent right-sided 
venous TOS that developed | year following an infraclavic- 
ular first rib resection. A right upper extremity venogram 
prior to reoperation demonstrates a long-segment occlusion 
of the axillary-subclavian vein due to chronic thrombosis, 
with dense collateral vein filling. (d) Reoperation was per- 
formed using a paraclavicular approach, with resection of 
first rib remnant and direct subclavian vein reconstruction 
using an axillary-to-innominate vein bypass graft. An intra- 
operative completion venogram demonstrates a widely pat- 
ent bypass graft with no filling of collateral veins (e) 
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Fig. 68.4 Paraclavicular approach for reoperative treat- 
ment of venous TOS. A patient with symptomatic right- 
sided recurrent venous TOS and secondary neurogenic 
TOS, presenting 2 years after undergoing a paraclavicular 
first rib resection and repeated attempts at subclavian vein 
balloon angioplasty. (a) Maximal intensity projection 
(MIP) images from a contrast-enhanced CT study demon- 
strating a persistent focal stenosis in the proximal right 
subclavian vein during arm elevation, located adjacent to 
a small remnant of the anterior first rib (arrow). (b) 
Transverse MIP images demonstrating expanded collateral 
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This chapter summarizes some of the steps that should be taken to facili- 
tate future clinical research in venous thoracic outlet syndrome (VTOS). 
Standardization of nomenclature and classification of disease are a first 
priority. An example of possible classification scheme is proposed. This 
could then be followed by with multi-institutional observational data col- 
lection to solidify our understanding of the disease process. Following 
this, specific questions that remain unclear could be answered by under- 
taking prospective randomized study. Lastly, with a more thorough under- 
standing of VTOS, rational basic science research could be performed. 


Introduction 


The study of venous thoracic outlet syndrome 
(VTOS) is made difficult by a surprising lack of 
reliable data, and virtually no knowledge has 
been derived from randomized trials. As a result 
there is limited evidence-based data about VTOS. 
Many feel that treatment for VTOS is standard 
and widely accepted. Upon close examination of 
the literature, however, it is clear that there is a 
surprising lack of consensus about how to clas- 
sify, treat, and report outcomes surrounding 
VTOS. There is significant need for agreed-upon 
reporting standards, rigorous prospective study, 
and eventually multiple randomized trials. 
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A recent Cochrane review identified a total of 
301 articles, but only 33 were judged of sufficient 
quality to reviewed based on selection criteria 
and only two randomized controlled trials were 
identified [1]. As a starting point, this chapter 
will propose common nomenclature and report- 
ing standards, specifically in this context to estab- 
lish a framework for clinical investigation and 
ideally to make multi-institution prospective col- 
laboration possible. Once the natural history of 
VTOS can truly be described, areas of uncer- 
tainty can be identified and prospectively studied 
in multi-institution randomized trials. 


Nomenclature and Reporting 
Standards 


The Society for Vascular Surgery has published 
reporting standards on virtually every aspect 
of vascular surgery except Thoracic Outlet 
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Table 69.1 Primary VTOS types and characteristics 


Type of VTOS 


Intermittent 
positional 
obstruction 

w/o thrombosis 
Intermittent 
positional 
obstruction 

w/ thrombosis 
Partial obstruction 
w/o thrombosis 


Partial obstruction 
w/thrombosis 


Chronic occlusion 
w/o thrombosis 
Chronic occlusion 
w/thrombosis 


Onset and timing 
of symptoms 


Chronic positional 
with exertion 


Acute 


Chronic positional 
with exertion 


Acute worsening 
of prior symptoms 


Chronic with 
exertion 


Acute worsening 
of prior symptoms 


Severity 
Mild-moderate 


Moderate to severe 


Mild-moderate 


Moderate-severe 


None — moderate 


Moderate-severe 


Initial venographic findings 


Normal vein at rest with 
varying degree of collateral 
pathways with provocative 
maneuvers 

Complete occlusion with 
varying degree of collateral 
pathways 


Partial occlusion with 
multiple collateral pathways 
that compress with 
provocative maneuvers 
Complete occlusion with 
multiple collateral pathways 
with thrombosis 

Complete occlusion with 
multiple collateral pathways 
Complete occlusion with 
multiple collateral pathways 
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Post-thrombolysis 
venographic findings 


0 % stenosis 


0 % stenosis 


1-99 % stenosis 
of varying length 


1-99 % stenosis 
of varying length 


100 % stenosis 
of varying length 
100 % stenosis 
of varying length 


Syndrome, and such a document is, we feel, 

sorely needed. Reporting standards for patients 

with VTOS (and all of TOS in general) should 

include the following: 

e Exact classification of the disease, 

¢ Criteria for consistent description of the indi- 
vidual problem 

¢ Categorization of intervention, and 

¢ Criteria for posttreatment improvement, dete- 
rioration, failure, and complications (with 
grades for severity or outcome). 


Classification of the Disease 
and Criteria for Consistent 
Description of the Problem 


VTOS is divided into several somewhat overlap- 
ping entities by various authors: Intermittent 
positional obstruction, chronic partial obstruc- 
tion, and complete occlusion, chronic or acute. 
While some patients present with chronic symp- 
toms but no thrombosis, patients in any one of 
these can progress to acute axillo-subclavian vein 
thrombosis. Table 69.1 describes the different 
types of VTOS and the various associated char- 
acteristics. These processes likely overlap and 
together make up a spectrum of disease, each 


with thrombosis 


potentially with varying rates of success to cer- 
tain treatments. To reduce confusion and the sub- 
jective nature, VTOS should be considered as 
one diagnosis and subsequently reported accord- 
ing to the most relevant manifestation at the time 
of diagnosis and treatment. It may be that a 
simplified version of this (with subcategories) 
will be most useful. 

Venous stenoses can be described in a fash- 
ion similar to the way lesions in the arterial sys- 
tem are described. Table 69.2 illustrates a 
possible division and description scheme by 
acuity, clinical symptoms, etiology, anatomic 
location, percent stenosis, and length of steno- 
sis. All patients require pre-operative venogra- 
phy in order to accurately classify the underlying 
pathologic process. Finally, Table 69.3 describes 
a possible grading system to describe VTOS 
patients’ clinical symptoms with objective 
criteria. 


Categorization of Operation 
and Intervention 


Any procedure performed in patients with 
VTOS needs to be reported in a consistent 
fashion. Each intervention/procedure should be 
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Table 69.2 VTOS classification scheme 


Acuity Clinical description Etiology 
# Hours/days/ Asymptomatic/mild —§ Thrombosis/ 
months/years _claudication/moderate _ stenosis/positional 


to severe claudication/ obstruction 
rest pain 
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% stenosis (following 
thombolysis if acute Length 
Location thrombosis) of stenosis 
Subclavian vein/ 0-100 % 0-20 cm 


axillary vein/ 
Innominate vein 


Table 69.3 Objective criteria for clinical description of VTOS 


No symptoms with moderate exertion 
Non-lifestyle-limiting symptoms develop after 5 min of moderate 


exercise, and are quickly relieved with rest 


Life-style-limiting symptoms develop within 5 min of moderate 


exercise, and slowly resolved with rest 


Grade Clinical description Objective criteria 
0 Asymptomatic 

1 Mild claudication 

2 Moderate-severe claudication 

3 Rest pain 


Unrelenting symptoms at rest 


Symptoms include: arm/scapular/axillary/base of neck/chest wall pain, non-pitting edema of arm, arm weakness, 


sensory changes 


Table 69.4 Scale for changing change in clinical status in VTOS 


+2 Asymptomatic 

+1 Mild to moderate improvement, still symptomatic with exertion, but improved by at least one category 
0 No change in symptoms or category 

-1 Mild to moderately worse symptoms with no change in category 

—2 Severe symptoms, one category worse, or major complication 


reported independent of the overall treatment 
strategy, although possibly the combination of 
thrombolysis followed by planned first rib exci- 
sion should be reported as one intervention (with 
specific description of events in the situations 
where interval re-occlusion or failure to com- 
plete the entire planned intervention occurs and 
“intent-to-treat” analysis made). Each interven- 
tion should have patency and associated change 
in clinical status or QOL reported (as below) 
when possible. The timing of such interventions 
should be described relative to either initial 
presentation and to other treatments modalities 
applied. Descriptions of an endovascular inter- 
ventions should obviously include agent used, 
including dose and duration, a description of the 
underlying lesion (occlusion, stenosis, length 
of treated segment, vessel diameter), a detailed 
description of technique, including size and 
length of balloons or stents, method of access, 
and adjunctive measures to maintain patency, 
and any complications that occur. 


Criteria for Improvement, 
Deterioration, and Failure 


Various outcomes can be measured after treat- 
ment including patency, clinical status, and qual- 
ity of life. All outcomes regardless of timing 
should be reported as 30 day outcomes and sub- 
sequently followed and reported using life table 
analysis for as long a duration as possible. The 
criteria for defining various outcomes should be 
clearly established. Patency must be based upon 
objective data and caution must be used when 
using ultrasound for this purpose as large collat- 
erals can be mistaken for a patent vein. Anatomic 
patency and symptom status should be separately 
recorded. 

Reporting changes in clinical status in patients 
with VTOS after treatment has been perhaps the 
most poorly described factor in most reports. 
Table 69.4 is a proposed scale to describe changes 
in clinical outcomes. Dr. Freischlag’s group at 
Johns Hopkins has lead the way by prospectively 
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obtaining and reporting functional and quality of 
life (QOL) data in patients with VTOS [2]. Both 
instruments used were previously validated ques- 
tionnaires and included the Disability of the Arm, 
Shoulder and Hand (DASH) and the Short-Form 
12 (SF-12). Improvements were noted in both 
instruments in patients treated for VTOS. Either, 
both, or a new instrument derived and validated 
from aspects the DASH and SF-12 could be used 
in the future to report QOL outcomes in VTOS. 


Overall Strategy 


After establishing standardized nomenclature, 
classification of disease, and reporting standards 
for interventions, and outcomes, the infrastruc- 
ture would be established to allow collaborative 
study. Prospective randomized trials are always 
the gold standard, but because this is a relatively 
rare disease alternatives should be carefully con- 
sidered. The simplest proposition is to create a 
standard protocol based on agreed-upon criteria 
as outlined above — perhaps best accomplished 
by the development of a TOS module within the 
Society for Vascular Surgery quality improve- 
ment initiative registry. 





Research Directions 


After multi-institutional collaboration and data 

collection has occurred the natural history of 

VTOS should become more clear. In addition, 

with the research infrastructure in place, multi- 

institution randomized control trials could be 

attempted. The following is a list of steps: 

1. Establish and agree on reporting standards 

2. Set up unified registry that allows for multi- 
institutional data collection and analysis 

3. Collect observational data and solidify knowl- 
edge of natural history 
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4. Identify areas of research and conduct prospec- 
tive randomized trials, ideally multi-institu- 
tional, with long-term follow-up and precise 
functional outcomes determined. For example: 
(a) First rib removal or not after thrombolysis? 
(b) Aggressive treatment of residual defects 

(endoluminal versus operative) after 
thrombolysis? 
(c) Intervene or observe for intermittent posi- 
tional obstruction? 
(d) Prophylactic intervention or 
asymptomatic contralateral side? 
(e) Duration of anticoagulation after treatment? 
(f) Best method to approach the first rib? 

5. Basic science research in genetics and 
pathophysiology of VTOS and potential non- 
operative therapies or preventive strategies 


observe 


Summary 


The literature surrounding VTOS is often 
difficult to interpret as a result of a lack of stan- 
dardized reporting standards. This chapter pro- 
vides a brief framework for the steps that need 
to be taken to facilitate meaningful future clini- 
cal research in VTOS. By standardizing report- 
ing and centralizing multi-institutional data 
collection much of the ambiguity surrounding 
VTOS would be removed and specific questions 
could be answered through thoughtfully pre- 
formed control trials. 
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Part IX 


Venous TOS: Controversies in VTOS 


Despite all our knowledge (or what we think is knowledge) about VTOS, 
questions arise as to the details of treatment at all stages and significant dis- 
senting voices exist. This is due, to a significant extent, to the lack of pro- 
spective randomized trials. Though there is general consensus on a basic 
protocol, the best approach to almost every step in the treatment of these 
patients is debated. 

For instance, while thrombolysis is routinely performed prior to thoracic 
outlet decompression by most, a recent review from the Johns Hopkins group 
demonstrated no advantage of preoperative thrombolysis compared to antico- 
agulation alone in patients with thromboses more than a few weeks old [1]. 
Richard Green addresses this topic below, noting that the age of the clot is 
one of the most important factors to consider when making this decision (see 
Chap. 70). By contrast, others argue the opposite point — that once the vein is 
reopened, not everyone needs first rib resection. This argument is nicely made 
by Kaj Johansson, whose experience with this algorithm spans several 
decades. If the rib is to be removed after thrombolysis, when should this 
occur? Early in our experience a delay of several months was advocated, 
while most modern series favor immediate resection. This issue, as well as 
the risks and benefits of each option, is explored by Jason Lee, while Richard 
Green analyzes the factors favoring one approach to the first rib over another 
specifically in patients with VTOS. Disagreement as to the postoperative 
management of VTOS largely concerns the use of stents and anticoagulation. 
David Gillespie analyzes what role, if any, stents play in treating this entity, 
while Hugh Gelabert discusses the data surrounding postoperative anticoagu- 
lation. Finally, VTOS is caused to a significant degree by anatomic factors, 
whether as a direct cause or a predisposition to later problems when the envi- 
ronment has added its input. As such, bilateral risk is not unreasonable to 
assume, and Adam Doyle analyzes this poorly-studied issue. 

No matter how firm we all are in our opinions regarding treatment of 
VTOS, it is indisputable that essentially no prospective randomized data 
exist. Well-supported, thoughtful opinion from those with extensive experi- 
ence in this field is critical to include in any discussion of treatment options 
for this problem. 
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Effort Thrombosis? 


Richard M. Green 


Abstract 


The treatment of subclavian venous thrombosis due to thoracic outlet 
compression has been significantly altered over the past few decades due 
to the advent of percutaneous therapies. Most believe that the combination 
of venous thrombolysis followed by thoracic outlet decompression is safe 
and effective, and best for most patients. The only cases that thrombolysis 
is not used are those with subacute or chronic occlusions, those patients 
with limited symptoms and functional needs, and those with significant 
medical contraindications. 


With increasing awareness that axillosubclavian 
vein thrombosis is not just an “upper extremity 
DVT,” early diagnosis and aggressive treatment 
have become the standard of care. The goals of 
treatment include the elimination of symptoms, 
prevention of long-term disability, and the avoid- 
ance of long-term anticoagulation. Untreated or 
treatment with anticoagulant therapy alone is 
suboptimal, resulting in some degree of chronic 
disability and persistent symptoms of upper 
extremity venous obstruction in anywhere from 
25 to 75 % of affected patients [1, 2]. The con- 
temporary management of acute effort thrombo- 
sis includes all the following elements: the 
restoration of venous patency, the elimination of 
any extrinsic compression and the correction of 
any residual venous stenosis. 
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The paradigm that utilizes early catheter- 
directed thrombolytic therapy as the initial ther- 
apy provides the best chance for complete clot 
dissolution in the acute setting [3]. Whether or 
not every patient requires complete clot dissolu- 
tion for symptomatic relief is not certain. This 
choice is in part made by the severity of the arm 
swelling and the functional needs of the individ- 
ual patient. Usually those patients with symptoms 
following thrombosis will have functional 
requirements that make clot dissolution impor- 
tant. The degree of success is largely dependent 
on the duration of the thrombosis. Recently, after 
a retrospective review of cases from Johns 
Hopkins the effectiveness of thrombolysis was 
questioned as it appears not to have improved 
long-term vein patency for those patients with 
sub-acute presentations [4]. 

Treatment with thrombolysis alone results in 
rethrombosis rates of >50 %; treatment without 
thoracic outlet decompression has high rates of 
both rethrombosis and stent fracture. Therapy 
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that includes early thrombolysis, thoracic outlet 
decompression and adjunctive treatment of resid- 
ual venous stenoses achieves long-term patency 
rates of 92-100 % in multiple series. 

Machleder [5] indicated that a period of time 
approaching 6 weeks should elapse between 
thrombolysis and rib removal. The prevailing 
current opinion is that thrombolytic therapy 
should be immediately followed by operative 
first-rib resection. The use of adjunctive catheter- 
based intervention of any underlying venous 
abnormality at the costo-clavicular space uncov- 
ered during thrombolysis is controversial. The 
potential advantages of such an aggressive strat- 
egy are that the risk for recurrent thrombosis is 
reduced and the patients are more likely to escape 
the consequences of major venous obstruction on 
the affected arm [6]. 


Thrombolysis 


The results of catheter-directed thrombolytic 
therapy for axillo-subclavian venous thrombosis, 
regardless of etiology, are mostly dependent on 
the chronicity of the thrombus. Most contempo- 
rary series report rates of near-complete throm- 
bus clearance when prompt treatment is initiated. 
Delayed thrombolysis, even if partially success- 
ful, often leaves areas of stenotic webs that may 
require operative repair. These chronic lesions 
may even be present when thrombolysis is per- 
formed immediately because the process is 
thought to be an acute manifestation of a chronic 
condition. 

We would like to emphasize several technical 
caveats about thrombolysis. First, it is important 
to cannulate the median antecubital vein, not the 
cephalic vein. The latter is a mistake and will 
result in the guide wire entering the subclavian 
vein central to the thrombus. We will often use 
access from a femoral vein when the arm is 
swollen and the basilic vein is obscured. Second, 
we are reluctant to continue thrombolytic ther- 
apy when no immediate benefit is achieved and 
almost always stop treatment after 24 h. Rarely, 
thrombolysis will not be effective either physi- 
ologically or anatomically even when the 
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thrombus can be crossed with a wire and cathe- 
ter directed drug administration is possible. We 
may reluctantly recanalize the occluded vein 
with a self-expanding stent prior to operative 
decompression but this is not a long-term solu- 
tion as the stents are subject to compression 
between the clavicle and first rib, fracture and 
recurrent thrombosis [7]. 


Management After Thrombolysis 


There is a short-term recurrence rate approaching 
30 % when the underlying condition responsible 
for the venous occlusion is neglected [8]. While it 
was once acceptable to delay therapy after throm- 
bolysis in order to assess the residual venous 
abnormality and the effect it has on the patient, 
the treatment algorithm has clearly changed to 
earlier intervention in young, active patients. 
Some patients, particularly those who are elderly 
or sedentary, will remain asymptomatic even if 
their vein re-occludes and no further intervention 
is often a reasonable choice. In this setting our 
preference is not to use thrombolysis unless the 
arm is painfully swollen. 

Our preferred approach at this time is to rec- 
ommend first rib resection in the same hospital- 
ization immediately after thrombolysis. Our 
preference for these patients is the transaxillary 
approach as it offers direct visualization and 
exposure of the costoclavicular space and the site 
of venous compression. It also allows the opera- 
tor to perform an external venolysis when neces- 
sary in the presence of extrinsic venous 
compression. Urschel and Kourlis [9] challenged 
the wisdom of waiting to remove the rib and 
divided a group of patients with subclavian vein 
thrombosis into those treated with anticoagula- 
tion following thrombolysis and those treated 
with immediate operative decompression of the 
thoracic outlet. Almost two-thirds of the non- 
operative group developed recurrent symptoms 
during a 6-week period of follow-up. In contrast, 
89 % of those treated with immediate first rib 
decompression following thrombolysis were able 
to return to work free of symptoms but the fol- 
low-up period was only 6 weeks. 
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We now perform decompression while the 
patient is fully heparinized, typically place a large 
suction drain in the axillary space and have not 
had to re-operate for hematoma. Once the rib is 
removed we proceed with another venogram in 
the neutral and shoulder abducted position. A few 
patients will have no abnormalities of the subcla- 
vian vein in either position and they should be 
treated with a 3-6 month course of oral antico- 
agulation. Any extrinsic compressive lesion 
should have been eliminated by the operative 
procedure but the majority of patients will have 
an intrinsic lesion of the subclavian vein in the 
costoclavicular space. The pivotal question that 
must be addressed in patients with intrinsic 
lesions is whether the subclavian vein needs to be 
treated. We try to individualize our recommenda- 
tions and those patients with persistent signs of 
venous obstruction, active life styles and physi- 
cally demanding vocations should have venous 
intervention after successful thrombolysis. There 
are no studies comparing the long-term results of 
these procedures with less aggressive therapies 
however [10]. 

In conclusion, the treatment of subclavian 
venous thrombosis due to thoracic outlet com- 
pression has gone through a major change with 
the advent of percutaneous therapies. We cur- 
rently believe that the combination treatment of 
venous thrombolysis followed by thoracic outlet 
decompression is safe and effective. The only 
cases that thrombolysis is not used are those with 
subacute or chronic occlusions, those patients 
with limited symptoms and functional need and 
those with medical contraindications. While we 
may in the immediate post-operative elect to per- 
form a balloon angioplasty for a severe intrinsic 
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Decompression Always 
Needed in VTOS? 


Kaj H. Johansen 


Abstract 


Extrinsic compression of the subclavian vein as it traverses the costo- 
clavicular space is postulated as the cause of venous thoracic outlet syn- 
drome, and many believe that costoclavicular space decompression — by 
first rib resection or by claviculectomy — is required to treat this condition 
as well as to prevent its recurrence. Alternative therapeutic approaches 
include bypass of the obstructed vein, usually to (or utilizing) the ipsilat- 
eral internal jugular vein, or, alternatively, withholding operative interven- 
tion and instead allowing axillosubclavian vein thrombolysis and 
recanalization and venous collateralization to decompress the congested 
ipsilateral upper extremity. 


Introduction 


Contemporary management of venous thoracic 
outlet syndrome (VTOS) presenting as frank sub- 
clavian vein thrombosis often includes an initial 
effort at venous thrombolysis. When this is suc- 
cessful it is commonplace for the completion 
venogram to demonstrate a high-grade subcla- 
vian venous stenosis at the level of the costo- 
clavicular junction (between the clavicle and first 
rib). Such a finding, associated with chronic inti- 
mal damage and neointimal hypertrophy within 
the vein at this site, suggests that extrinsic venous 
compression has resulted in a thrombogenic 
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surface which has led in turn to the development 
of thrombosis. It is also commonplace to find 
significant scarring around the outside of the sub- 
clavian vein at this site at the time of operative 
exploration. Because it is widely held that this 
extrinsic compression results from the proximity 
of the bony bounds of the costoclavicular space, 
it has followed that opening of the costoclavicu- 
lar space is recommended to prevent recurrent 
VTOS. 


Arguments Favoring Decompression 
of the Costoclavicular Space 


That extrinsic bony compression between the 
clavicle and the first rib is the cause of the subcla- 
vian venous stenosis and perivenous scarring 
commonly found in these patients is difficult to 
refute. Numerous clinical reports seem to suggest 
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that decompression of the costoclavicular space, 
either by first rib resection [1-3] or alternatively 
by claviculectomy [4], significantly diminishes 
the likelihood of recurrent VTOS. Some have 
also argued that opening the costoclavicular 
space results in favorable outcomes even when 
the subclavian vein is chronically occluded [5]. 
Even the observation that subclavian venous 
angioplasty, in comparison to thrombolysis alone, 
often results in improved outcomes [6], supports 
the conclusion that a structural problem exists at 
this site, relief of which is important in avoiding 
recurrent venous thrombotic complications. 
While angioplasty may have a useful role to 
play for the treatment of the venous stenosis com- 
monly seen in the subclavian vein at the level of 
the costoclavicular space, venous stenting has 
been associated with an unacceptably increased 
incidence of stent fracture [7]. However, venous 
stenting appears to be both effective and durable 
at other sites in the body devoid of bony extrinsic 
compression (for example, in failing arteriovenous 
access [8] and May Thurner syndrome [9]), and 
thus a further argument in favor of costoclavicular 
space decompression in VTOS is that subsequent 
subclavian venous stenting can be performed 
without concern for resulting stent fracture. 
Certainly those who favor an aggressive surgi- 
cal approach to VTOS would argue that failure 
to pursue such an option, particularly early in 
the course of the condition, results in a “loss of 
opportunity” to undergo definitive repair. If the 
patient returns later with a chronically occluded 
axillosubclavian vein, these advocates would 
argue that the patient’s therapeutic options have 
been significantly limited by the prior failure 
to perform timely thoracic outlet decompres- 
sion by means of a simple first rib resection (or 
claviculectomy). 





Arguments Favoring Alternative 
Approaches to the Management 
of VTOS 


Anatomically all of us have the anatomic poten- 
tial for extrinsic compression of the subclavian 
vein at the costoclavicular space. Indeed, 
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significant extrinsic subclavian vascular com- 
pression occurs with the arm held in provocative 
postures in a substantial proportion of asymp- 
tomatic individuals [10]. However, despite this 
anatomic truism, few of us develop VTOS. A sub- 
stantial proportion — in my experience up to a 
third — of individuals undergoing thrombolysis 
for acute VTOS are found to have little or no 
angiographic evidence for a persistent intimal 
defect at the suggested site of extrinsic compres- 
sion once acute thrombus has been cleared. In 
addition, an increased prevalence of one or 
another of the thrombophilic states — obviously 
an issue entirely independent of the venous anat- 
omy within the costoclavicular space — has been 
documented in patients with VTOS [11] and may 
be an alternative risk factor for the development 
of venous TOS. 

Accordingly, several alternatives to costo- 
clavicular space decompression for the definitive 
management of VTOS have been proposed. The 
first, detailed elsewhere (see Chap. 57) is based 
on the assertion that the natural history of VTOS 
is benign in the vast majority of patients and that, 
if such individuals are simply treated by initial 
thrombolysis, balloon angioplasty (if feasible) 
and 3-6 months of anticoagulation, their ultimate 
outcomes will be no less favorable than those 
reported in patients undergoing first rib resection 
and subclavian venolysis or venoplasty or other 
such aggressive surgical interventions. In other 
words, this argument suggests observational care 
may be associated with results which are not 
inferior to those in VTOS patients undergoing a 
major operation. 

An alternative to costoclavicular space decom- 
pression in patients with symptomatic VTOS 
focuses on the use of various forms of bypass of 
the congested upper extremity venous system 
around the site of venous stenosis or occlusion. 
This can be carried out either by an ipsilateral 
autogenous venous reconstruction (see Chap. 65) 
or alternatively by the interposition of a biologic 
or prosthetic bypass graft from the axillobrachial 
vein to (usually) the ipsilateral internal jugular 
vein [12]. Such patients commonly require 
long-term antithrombotic medication, and also 
may have an adjunctive arteriovenous fistula 
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constructed to try to maintain bypass graft pat- 
ency. Bypass procedures for the treatment of 
VTOS have been uncommonly performed and 
few data are available regarding their long-term 
success rates. 





Comment 


It is possible, although it is not proven, that 
extrinsic bony compression of the subclavian 
vein at the costoclavicular space results in both 
an intrinsic intimal defect as well as extrinsic 
adventitial scarring of the vein, all of which 
result in VTOS. If this is true it seems prudent to 
relieve this extrinsic compression at the same 
time subclavian venous patency is restored. The 
fact that 100 % of us have subclavian veins which 
pass through the costoclavicular space, as well 
as the fact that up to a third of us have significant 
extrinsic compression of the subclavian vein 
with our arms held in provocative postures yet 
never develop VTOS, suggests a more complex 
etiology for VTOS than a simple mechanical 
extrinsic compression at the costoclavicular 
space. Evidence that a substantial number of 
individuals who have suffered an episode of 
VTOS appear to do well without any surgical 
intervention at all suggests, at the least, that cos- 
toclavicular space decompression for VTOS 
patients should be selective rather than auto- 
matic. Consideration of observational care, per- 
haps for 6-12 months, with costoclavicular space 
decompression and either direct venous recon- 
struction or bypass at that point in those individ- 
uals still unacceptably symptomatic would seem 
to be an optimal approach. 
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Abstract 

Thrombosis of the subclavian vein, or Paget-Schroetter syndrome, is an 
infrequent condition but one that leads to significant morbidity if not man- 
aged appropriately and initially aggressively. Over the last 20 years, a 
treatment paradigm has gained acceptance that rests on two principles: 
(1) the elimination (or at least reduction) of the thrombus load to re-estab- 
lish venous patency; and (2) subsequent decompression of the “venous” 
thoracic outlet (costoclavicular junction). Catheter-directed thrombolysis 
should be considered standard of care to reduce clot burden, and response 
to this and a short course of anticoagulation can help determine the best 
candidates for operative intervention. An obligate short (3-4 week) period 
of operative delay allows the selection of those patients that may not 
require first rib resection. While younger patients who are potentially more 
active and might engage more rapidly in strenuous activities in the near 
future are perhaps the sub-group that should be offered surgical decom- 
pression, we believe it is unlikely that ALL patients must undergo opera- 
tive decompression. 


Introduction 


Since the initial descriptions by Paget [1] and von 
Schroetter [2] over a century ago, the optimal 
therapy of effort-related primary subclavian vein 
thrombosis (the most common presentation of 
venous thoracic outlet syndrome; TOS) has been 
debated. While Paget-Schroetter Syndrome (PSS) 
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occurs infrequently and only accounts for about 
1-4 % of all deep vein thromboses [3] and only 
about 3 % of all TOS patients [4], afflicted 
patients are often young and otherwise healthy. 
Major morbidity can develop in this patient pop- 
ulation and lead to long-term disability if PSS is 
not promptly diagnosed and treated. 

The major advance in treatment of PSS in the 
past two decades involved the recognition that 
early thrombolysis and then in most cases opera- 
tive decompression, usually involving first rib 
resection and scalenectomy, is the best treatment 
option [5-8]. Further refinements of therapy 
include hybrid procedures with endovascular 
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techniques and open venous reconstruction to 
improve long-term vein patency [9, 10]. What 
remains controversial is the timing of surgery 
after successful thrombolysis, which is the topic 
of debate in this chapter. 





Timing of First Rib Resection 


Assuming successful thrombolysis, meaning that 
the majority of the thrombus load has been 
cleared and patient is symptomatically improved, 
the timing of operative decompression is the next 
major tree in the treatment algorithm. The deci- 
sions range from the most aggressive approach of 
immediate surgery during the same hospitaliza- 
tion to the most conservative approach of no sur- 
gery at all. While it would be convenient that 
there be Level I evidence showing one algorithm 
most superior in a well-designed prospective ran- 
domized trial, what we are faced in the literature 
with are non-controlled retrospective single insti- 
tution series, albeit often with quite excellent 
results. Advantages of the most aggressive 
approach, namely operation during the same hos- 
pitalization, include a single hospital stay, the 
minimal amount of time to be on warfarin, the 
least chance of thrombotic recurrence from 
mechanical obstruction, the least amount of time 
away from work, sport, or school, and the knowl- 
edge that one can resume full activity in the short- 
est amount of time. The least aggressive approach 
would be to recommend no surgery at all, which 
would obviously have the advantage of avoiding 
an operation and all its attendant potential com- 
plications and disability. Reported operative 
complications such as brachial plexopathies, 
phrenic nerve paresis, subclavian arterial injuries, 
and lymphatic leaks, have summative incidences 
ranging from very low to as high as 20 % [11]. 
Like many clinical conditions, a semi-aggres- 
sive (Or semi-conservative) approach involves 
selective operative decompression after success- 
ful thrombolysis. This strategy allows individual 
patient selection to dictate the final operative 
decision, and does not obligate the patient to a 
sole treatment method. Advantages of this 
approach, particularly if there is some delay until 
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surgery regardless, include the resolution of the 
surrounding inflammation immediately after a 
clot, allowing the patient to return to some mod- 
erately normal activity while scheduling the pro- 
cedure, converting an urgent operation into an 
elective one, and being able to make arrange- 
ments for time off given that many of these 
patients are working or still in school. Obvious 
disadvantages to this approach include the of 
recurrent thromboembolism and the possibility 
that we are simply delaying inevitable upcoming 
surgery. 

At our institution we have taken a middle-of- 
the-road approach, and found it to be particularly 
applicable to a wide range of patients, young and 
old, athletic and spontaneous, as well as risk 
averse and risk aggressive. Patients with resolu- 
tion of symptoms after initial thrombolytic ther- 
apy and a short period of anticoagulation do not 
immediately undergo thoracic outlet decompres- 
sion. Indications for early surgery after throm- 
bolysis and the trial of outpatient anticoagulation 
include: (1) the persistence or recurrence of 
venous hypertensive symptoms; (2) any evidence 
for recurrent or new thrombus; (3) obstruction of 
peri-venous collaterals with abduction/external 
rotation in the face of subclavian vein occlusion; 
and (4) evidence of persistent or recurrent vein 
injury, as evidenced by significant wall thicken- 
ing, which in our series led to 45 % of the patients 
undergoing early operative decompression [12]. 

For those that don’t undergo early interven- 
tion, we determined retrospectively (through a 
23 % thrombotic recurrence rate by 24 months) 
which risk factors led to a higher chance of recur- 
rence. Stated another way, we determined factors 
if present would indicate poor candidacy for con- 
servative treatment. We now offer younger 
patients <28 years old immediate surgery and 
agree with most other authors on the avoidance of 
stents prior to rib resection [13]. Our success 
rates of 93 % at a followup time of over 4 years 
with all returning to work parallel the other large 
series that recommend aggressive immediate 
operative decompression, as well as those groups 
that call for conservative methods. 

Urschel’s unparalleled experience with 294 
patients over 30 years highlights the paradigm 
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shift towards expeditious thrombolytic therapy 
followed by prompt first rib resection to obtain 
optimal results [7]. Many other institutions have 
employed this treatment algorithm of same hos- 
pitalization thoracic outlet decompression with 
high rates of symptom resolution and freedom 
from recurrence [6, 8]. Perhaps the fact that so 
many different approaches all yield excellent 
results means that a well-thought out algorithm at 
each individual institution likely will provide the 
best results. Even in the previously mentioned 
large series of patients that underwent obligate 
and immediate thoracic outlet decompression, 
there were always a few patients that refused sur- 
gery or were not operated upon, and follow-up on 
those patients echo our results in that many of 
them do remarkably well with low rates of recur- 
rence. In Machleder’s series, five patients under- 
went successful thrombolysis but avoided surgery 
by either refusing or failing to meet criteria [5]. 
They all did well in follow-up, with no recurrent 
thromboses, minimal to no symptoms, and 
returned to full activity. 





No Decompression at All? 


If there is an algorithm that is losing momentum, 
it would likely be the non-surgical route sup- 
ported by Kaj Johansen (see Chaps. 57 and 71). 
His yet unpublished data continues to claim that 
in a series of 50 patients not decompressed, 82 % 
have no symptomatology out to 4 years of fol- 
lowup. While it is indisputable that group avoided 
the potential problems with an operation, the 
only other large series of non-operative therapy 
that is published is from Lokanathan et al. They 
reported results in 28 consecutive patients of 
whom only two underwent first rib resection in 
follow-up [14]. Re-thrombosis occurred in three 
(11 %) patients at 8, 16, and 17 months post ini- 
tial thrombotic event, and only 6 out of 21 that 
they followed with a long-term questionnaire 
had complete resolution of symptoms, with 62 % 
still having mild symptoms. We feel the non- 
operative route is too conservative, and having 
no timing for surgery is likely not the optimal 
therapy. 





Summary 


In summary, Paget-Schroetter syndrome is an 
infrequent condition, but one that leads to 
significant morbidity if not managed appropri- 
ately and initially aggressively. Over the last 
20 years, a treatment paradigm has gained accep- 
tance that rests on two principles: (1) the elimina- 
tion (or at least reduction) of the thrombus load to 
re-establish venous patency; and (2) subsequent 
decompression of the “venous” thoracic outlet 
(costoclavicular junction). Catheter-directed 
thrombolysis should be considered standard of 
care to reduce clot burden, and response to this 
and a short course of anticoagulation can help 
determine the best candidates for operative inter- 
vention. An obligate short (3-4 week) period of 
operative delay allows the selection of those 
patients that may not require first rib resection. 
During this time period there is potential reduc- 
tion in inflammation around the vein, perhaps 
making the operation slightly safer. Younger 
patients who are potentially more active and 
might engage more rapidly in strenuous activities 
in the near future are perhaps the sub-group that 
should be offered surgical decompression. It is 
unlikely that ALL patients must undergo opera- 
tive decompression, so we must use our clinical 
judgment and results from large series to help 
determine which patients should undergo opera- 
tive therapy, and when that operation should 
occur. 
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to the First Rib in VTOS? 


Karl A. Illig 


Introduction 


Abstract 

The critical consideration in planning treatment for patients with VTOS is 
that if decompression is performed, it must include the anterior part of the 
first rib. This area can be approached and resected very easily via the 
transaxillary approach, and this is our preferred option if no further recon- 
struction needs to be done. If the vein is not felt to need reconstruction, we 
advocate simply resecting the rib as above along with aggressive external 
venolysis; again, the transaxillary approach serves well. If the vein requires 
reconstruction, however — it is very badly diseased and the patient is symp- 
tomatic — direct and thorough exposure must be obtained. The two primary 
choices in this situation are the paraclavicular approach (with full mobili- 
zation of the vein from above) or rotation of the clavicle upwards ala 
Molina. Either approach, with the patient in the supine position, also 
makes completion venography very easy (and preserves the ability to cor- 
rect any problems so found). Many feel there is benefit to decompressing 
the venous thoracic outlet even if the vein is chronically occluded. Finally, 
if the patient is highly symptomatic and reconstruction cannot be accom- 
plished, jugular transposition (probably with some form of thoracic outlet 
decompression) is highly effective. 


(VTOS). As discussed in Chap. 49, the subcla- 
vian vein runs past the junction of the first rib and 


Anatomic considerations are obviously important 
in understanding any form of thoracic outlet syn- 
drome (TOS), but are absolutely critical for deci- 
sion making in a person with venous problems 





K.A. Illig, MD 

Department of Surgery, Division of Vascular Surgery, 
University of South Florida, 2 Tampa General Circle, 
STC 7016, Tampa, FL 33606, USA 

e-mail: killig@health.usf.edu 


K.A. Illig et al. (eds.), Thoracic Outlet Syndrome, 


clavicle anteriorally, and is usually intimately 
attached to the costoclavicular ligament and sub- 
clavius muscle (Fig. 73.1). WTOS arises as the 
result of damage to this area of the vein, and, as 
such, decompression must involve the anterior 
part of the first rib and associated structures. 
Most believe that the venous thoracic outlet 
must be decompressed, almost always by means 
of first rib resection, in essentially all patients 
with VTOS. The primary surgical goal is thus 
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Fig. 73.1 CT reconstruction 
of a patient with venous 
thoracic outlet syndrome 
clearly showing the point 

of compression at the 
anterior thoracic outlet 

(the “void” above the vein is 
the nonvisualizedsubclavius 
muscle, illustrating the 
importance of this structure). 
Note that the arm is ina 
raised position (Courtesy 
Wallace Foster, MBBS, 
FRACS, Royal Brisbane 

and Women’s Hospital, 
Brisbane, Australia) 


removal of the anterior part of the first rib. In the 
majority of cases there is also intrinsic damage to 
the vein (resulting from the chronic extrinsic 
compression), and the secondary issue is thus 
whether or not the vein must be reconstructed (or 
alternative drainage provided). These two factors 
determine the best surgical approach. 

It is most convenient to divide patients with 
VTOS into three categories, once all possible 
preliminary tests and interventions (i.e., throm- 
bolysis) have been performed: A patient with a 
normal vein, a patient with a diseased but patent 
(or very short segment occlusion) vein, and a 
patient with a chronically occluded vein that can- 
not be opened (Fig. 73.2). 























The Patient with a Normal Vein 


This is most often a patient with intermittent 
positional obstruction (seen early, before damage 
has occurred) — even after thrombolysis, few 
patients with effort thrombosis will have normal 
veins. In this case, the minimum goal is simply to 
decompress the anterior part of the thoracic out- 
let. While some believe that lysis or debridement 
of the external cicatrix surrounding the vein is 
helpful, essentially by definition this material 
is not a problem if the vein is still normal and 
this is not required. Transaxillary first rib exci- 
sion (see Chap. 61) allows excellent exposure 
and removal of the rib up to the cartilaginous 


K.A. Illig 





insertion into the sternum, along with full visual- 
ization that the entire undersurface of the vein is 
free of external compression, and is thus our pro- 
cedure of choice in this situation. 





























The Patient with a Diseased Vein 


Most patients who present with effort thrombosis 
will have some degree of damage to the vein 
which will be obvious on venography after all 
thrombus has been removed. The first principle 
of therapy, decompression of the anterior part of 
the first rib, remains paramount, but two other 
goals are now potentially in play: Removal of the 
external scar tissue or “cicatrix,’” and reconstruc- 
tion (or bypass) of the stenotic vein segment. 

There is almost always external scar tissue in 
these cases, and the vein is always intimately 
attached to the subclavius muscle and costo- 
clavicular ligament. Removal of the scar tissue to 
the level of the inominate vein and mobilization 
of the vein off of these structures can fairly easily 
be accomplished via the transaxillary approach 
(recognizing that the phrenic nerves and thoracic 
duct (on the left) are in play). Many times a vein 
that is felt to be intrinsically damage will look 
surprisingly good after external venolysis 
(Fig. 73.3). The transaxillary approach, however, 
does not lend itself well to obtaining venography, 
so if this is felt necessary, another approach is 
needed. 
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Post-lysis (or native) best result 
Status of the vein 
Normal Diseased Occluded 
symptom Mild Severe Mild Severe 
status: 
Wa 
Goals: Reconstruct Provide alternative 


Eliminate ongoing 
damage 











drainage 














Transaxillary 











Paraclavicular 


sternal rotation 








Paraclavicular 


claviculectomy 





Fig. 73.2 Flowchart illustrating the general decision- 
making process in a patient who presents with complete 
thrombosis of the subclavian vein due to venous TOS. 
Shaded boxes indicate the key decision points; dotted 
lines indicate less common alternatives/preferences. If the 
vein is open the goal is simply to decompress the anterior 
part of the venous thoracic outlet, and transaxillary first 
rib resection is an excellent option. If the vein remains 
diseased after clot is removed, treatment depends on 


If the vein is severely diseased by venography, 
a decision must be made as to whether it requires 
reconstruction. Some authors advocate recon- 
struction in nearly every case [1], while we and 
others advise a selective approach. Our decision 
is guided by the patient’s history, symptoms, and 
the events surrounding thrombolysis. If a patient 
with a significant intrinsic venous abnormality 





symptoms — if mild, decompression as above is probably 
adequate, but if severe, venous reconstruction (open or 
endovascular) requires exposure of the vein and the supine 
position, so the paraclavicular approach or upward rota- 
tion of the clavicle is needed. Finally, if the vein is 
occluded, decompression alone (transaxillary) is felt to 
allow recanalization, while a highly symptomatic patient 
may need extensive reconstruction or alternative drainage 
provided by means of jugular transposition 


was highly symptomatic prior to thrombosis, 
remains more than minimally symptomatic after 
all acute thrombus has been removed, or rethrom- 
bosis after initially successful thrombolysis, we 
feel that the lesion itself (over and above the 
extrinsic compression, which will be corrected) 
is hemodynamically significant and that recon- 
struction is required. Reconstruction cannot be 


524 


K.A. Illig 





Fig. 73.3 A case illustrating the benefit that can be 
obtained by external venolysis without direct reconstruc- 
tion. (a) Angiographic appearance after thrombolysis. It 
was assumed that venous reconstruction would be needed. 
(b) The patient underwent transaxillary first rib excision 
with extensive debridement of surrounding scar tissue; the 


thoroughly or safely accomplished via the 
transaxillary approach, and venography is fre- 
quently helpful in these situations, and thus a 
direct approach (with the patient supine) must be 
used. Two options are available in this situation — 
a paraclavicular approach (Chap. 63) or partial 
sternal division with upward mobilization of the 
clavicle ala Molina (Chap. 64) [2]. The former 
allows full mobilization of the subclavian vein to 
the level of the inominate vein from above in 
most cases, while the latter, albeit more invasive, 
allows superb visualization and access of the 
entire vein in essentially all cases (Fig. 73.3). 
Claviculectomy accomplishes the same goal, but 
is more radical and hence not usually needed 
unless specific clavicular pathology is present 
(Fig. 73.4). In all these cases reconstruction is 
best accomplished by means of local venotomy, 
internal debridement (“pseudo-endovenotomy’’), 
and vein patch closure. 


The Patient with an Occluded Vein 


If the vein is fully occluded (wire passage is 
unsuccessful or they present with chronic obstruc- 
tion), the situation also depends upon the 


vein was mobilized circumferentially to the level of the 
jugular and innominate veins. She was then placed supine, 
and a venogram was obtained prior to planned endovascu- 
lar therapy. However, the vein was apparently undiseased 
and the collaterals disappeared. She was not further treated 
and remains asymptomatic at 2-1/2 years after surgery 





Fig. 73.4 A patient with a pathologic fracture of his clav- 
icle following radiation therapy for cancer a decade ago. 
He presented with subclavian vein occlusion and arm 
swelling, but also had subtle neurogenic symptoms. After 
claviculectomy alone his neurologic symptoms were gone 
in the recovery room, and he was asymptomatic (and very 
grateful) at his first postoperative visit 


symptomatic status of the patient. If the patient is 
asymptomatic or minimally symptomatic, they 
can simply be left alone. As the vein is already 
occluded, in theory no decompression needs to 
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be done. However, some, notably the Hopkins 
group, believe that the vein can sometimes recan- 
alize after bony decompression [3], and, anecdot- 
ally, others believe that even if the subclavian 
vein remains occluded, first rib resection will 
decompress existing and potential collaterals. 
Many thus will remove the rib even if the vein is 
chronically occluded. In this case, as no recon- 
struction is required, the transaxillary approach is 
excellent. If the patient is highly symptomatic, 
however, an alternative route for blood flow will 
be needed. Long-segment reconstruction can be 
carried out, although as actual replacement is 
usually needed and exposure often extensive, this 
more often requires claviculectomy or at least 
swinging the clavicle up along with femoral vein 
harvest. A somewhat less invasive option in this 
case is jugular vein transposition/turndown 
(Chap. 65), which can be performed with or with- 
out claviculectomy (although it seems prudent to 
remove the first rib to avoid any secondary 
compression). 


Summary 


The critical consideration in planning treatment 
for patients with VTOS is that if decompression 
is performed, it must include the anterior part of 
the first rib — at least well into cartilage, if not to 
the sternum itself. This area can be approached 
and resected very easily via the transaxillary 
approach, and this is our preferred option if no 
further reconstruction needs to be done. If the 
vein is not felt to need reconstruction — it is not 
terribly diseased and/or the patient is not highly 
symptomatic — we advocate simply resecting 
the rib as above along with aggressive external 
venolysis; again, the transaxillary approach 
serves well. If the vein requires reconstruction, 
however — it is very badly diseased and the 
patient is symptomatic — direct and thorough 
exposure must be obtained. The two primary 
choices in this situation are the paraclavicular 
approach (with full mobilization of the vein 
from above) or rotation of the clavicle upwards 
ala Molina. Either approach, with the patient in 
the supine position, also makes completion 





venography very easy (and preserves the ability 
to correct any problems so found). Many feel 
there is benefit to decompressing the venous 
thoracic outlet even if the vein is chronically 
occluded. Finally, if the patient is highly symp- 
tomatic and reconstruction cannot be accom- 
plished, jugular transposition (probably with 
some form of thoracic outlet decompression) is 
highly effective. 

It is important to recognize (and is a continu- 
ing theme of this book) that essentially no com- 
parative data, much less prospectively obtained, 
exists to support any part of this algorithm. 
Among others, questions to answer include: 
¢ The fate of the diseased and decompressed, 

but not reconstructed, vein 
¢ Who needs reconstruction 
¢ Whether decompression is needed in everyone 
¢ The natural history of the decompressed ver- 

sus nondecompressed thoracic outlet in a 

patient with chronic occlusion 
¢ The fate of stents in the decompressed thoracic 

outlet 

Happily, the vast majority of patients 
(95-100 %) with VTOS do very well after any 
form of (aggressive) treatment [4, 5], making this 
entity a pleasure to see. What treatment exactly is 
best for each patient, and perhaps who can be left 
alone, has yet to be determined. 
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Abstract 


The bony venous thoracic outlet creates significant extrinsic force upon 
the subclavian vein, and intravascular stents in this location thus perform 
very poorly. There is some literature supporting the use of stents after 
decompression, but no level I evidence exists. At present the use of stents 
in venous thoracic outlet syndrome should not be considered until the 
bony thoracic outlet has been decompressed, and even then should be 
reserved for isolated cases with thorough followup. 


The bony limitations of the venous thoracic out- 
let provide a particular challenge in managing 
patients with upper extremity deep venous throm- 
bosis. While percutaneous angioplasty and stent- 
ing have become commonplace in the iliofemoral 
venous system for the treatment of venous outflow 
obstruction, the same is not true for upper extrem- 
ity lesions [1, 2]. Venous thoracic outlet syn- 
drome (TOS) is caused by extrinsic compression 
of the subclavian vein as it exits the chest and 
enters the upper extremity. The subclavian vein is 
bounded by the costoclavicular ligament medially, 


C. Glass, MD, MS 

Department of Vascular Surgery, 

Strong Memorial Hospital, 

601 Elmwood Avenue, Rochester, NY 14642, USA 
e-mail: carolyn_glass @urmc.rochester.edu 


D.L. Gillespie, MD (D4) 
Department of Surgery, 

University of Rochester Medical Center, 
601 Elmwood Ave, Box 652, 

Rochester, NY 14642, USA 

e-mail: david_gillespie @urmc.rochester.edu 














K.A. Illig et al. (eds.), Thoracic Outlet Syndrome, 


the anterior scalene muscle laterally, the clavicle 
and subclavius muscle superiorly, and the first 
rib inferiorly. Hypertrophy of the muscular com- 
ponents or aberrant cervical rib or callus forma- 
tion after bony fracture also cause encroachment 
on what is already a narrow and very dynamic 
space [3]. 

While stents placed in central venous seg- 
ments away from bony structures may be 
beneficial, those deployed in subclavian lesions 
without decompression of the thoracic outlet 
commonly result in stent deformation and even- 
tual fracture. This causes further damage to the 
subclavian vein and often thrombosis. The pub- 
lished literature seems clear; percutaneous stent 
placement for venous TOS without initial surgi- 
cal decompression is not effective and is in fact 
detrimental to our patients. Urschel and Patel 
reported on 22 patients referred to their institu- 
tion with stents placed in the thoracic outlet with- 
out surgical compression. Each of the patients 
had the diagnosis made less than 6 weeks after 
vein occlusion, received previous thrombolytic 
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therapy, and post-stent anticoagulants. All 22 
patients reoccluded their axillo-subclavian vein 
within 6 weeks upon their presentation, were 
retreated with thrombolytic therapy and required 
first rib resection. Ten remained patent and 12 
remained occluded but developed adequate col- 
lateral circulation. The study concluded there 
was no indication for use for stents in patients 
with Paget-Schroetter syndrome [4]. 

Current literature supports the concept that, 
the predominant indication for stent placement 
in venous TOS is a residual lesion (>30 %) as 
demonstrated by venography, with or without 
continued symptoms following surgical decom- 
pression and angioplasty. In our experience, 
patients often have residual defects after throm- 
bolysis and surgical decompression on comple- 
tion venography and intravascular ultrasound 
(IVUS). Detection of these defects is aided by 
the use of either multiplanar venography or cross 
sectional imaging using IVUS. The literature 
supports the observation that ITVUS provides a 
higher sensitivity for visualizing intrinsic defects 
such as webs, endothelial irregularities and 
residual thrombus [5, 6]. Neglen et al. found that 
venous IVUS appears to be superior to single- 
plane venography for the morphologic diagnosis 
of venous outflow obstruction and is an invalu- 
able assistance in the accurate placement of 
venous stents after venoplasty [7]. Similarly we 
have found IVUS to be very useful for recogni- 
tion of lesions in the upper extremity central 
venous system. In our review, 16 proximal cen- 
tral venous lesions (8 SVC, 8 innominate) were 
identified and confirmed by both TVUS and con- 
trast venography [8]. Forty two percent of the 
central lesions were reported as “questionable” 
after venography alone. Subsequent I[VUS exam 
of the “questionable lesions” identified 60 % of 
them as “moderate” lesions which prompted 
intervention, and the remaining “questionable” 
lesions showed no pathology, avoiding further 
intervention. 

It should be noted that there is currently no 
consensus regarding treatment of a residual 
venous TOS defect after surgical decompression. 
Many treatment algorithms exist for residual 
venous lesions following presumed successful 
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thrombolysis, surgical decompression, and thor- 
ough external venolysis. Some support observa- 
tion and anticoagulation, recognizing the vein 
may remodel on its own after surgical decom- 
pression and anticoagulation alone [9]. Others 
recommend thrombolysis, surgical decompres- 
sion, followed by a brief period (weeks) of 
endothelial recovery prior to angioplasty and 
stenting. Lastly, the most aggressive school of 
thought recommends thrombolysis, surgical 
decompression, and angioplasty and stenting dur- 
ing the same operative setting [10-12]. 

A recent study of Paget-Schroetter patients 
who did not receive thrombolysis and managed 
medically with anticoagulation alone after first 
rib resection reported the incidence of residual 
subclavian stenosis requiring angioplasty was 
55 %. Ten patients (16 %) had subclavian vein 
occlusions. However, 80 % of occluded patients 
were reported to recanalize on anticoagulation 
alone after first rib resection (mean 4 months out) 
demonstrated by duplex exam. In this anticoagu- 
lation-alone group, 75 % remained on warfarin 
for an average of 3 months [13]. 

Kreienberg et al. evaluated the long term out- 
comes of balloon angioplasty alone versus addi- 
tional stenting immediately following 
thrombolysis and surgical decompression in 
patients with effort thrombosis. Thrombolysis 
was administered approximately 10 days after 
the initial onset of symptoms. After surgical 
decompression, all patients underwent balloon 
venoplasty. Fourteen patients had residual steno- 
sis (>50 %) after venoplasty requiring stenting of 
the subclavian vein. At 4 year follow up, patency 
was 100 % in patients who required angioplasty 
alone versus only 64 % at 3.5 years in those who 
also had stents placed. In the stenting group, two 
patients occluded within 2 days, two within 
1 year and seven within 3 years. Three patients 
with occluded stents were later diagnosed with 
Factor V Leiden [14]. Based on this data, some 
have concluded patients do better with balloon 
venoplasty alone rather than stenting long term. 
It should be noted, however that there is a bias 
given those who required stenting had more 
difficult lesions that were minimally responsive 
to venoplasty alone. 
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The Dartmouth group recently reviewed their 
long term outcomes in patients with idiopathic 
axillo-subclavian vein thrombosis after aggres- 
sive surgical and endovascular treatment [11]. 
Catheter-directed thrombolysis was performed in 
83 % with mean treatment time of 12 days from 
initial onset of symptoms. All 36 patients were 
treated with surgical decompression. Thirty one 
percent of patients had stents placed for residual 
venous stenosis. Overall patency at 1 and 5 years 
was reported as 100 and 94 %, respectively with 
mean follow up of 65 months. Greater than 85 % 
of patients returned to work and had sustained 
functional improvement. The study concluded 
patients should expect durable patency with sus- 
tained freedom from reintervention after aggres- 
sive combined surgical decompression and 
endovascular intervention, with selective stent 
placement for residual stenosis after angioplasty. 
Furthermore these authors felt that stenting for 
the treatment of residual medial stenoses was 
beneficial since it obviates the need for any surgi- 
cal division of the sternum and open patch veno- 
plasty as described by Molina [15]. 

Pupka et al. described 23 patients with Paget- 
Schroetter syndrome who underwent thromboly- 
sis, anticoagulation, first rib resection, and venous 
angioplasty with intravascular stenting [16]. 
Patients underwent either delayed (3-4 months) 
or early (median 8 days) surgical decompression 
with stent placement after thrombolysis. No sta- 
tistical difference was found between the two 
groups. This study concluded multimodal treat- 
ment of athletes with Paget-Schroetter syndrome 
using thrombolysis, early thoracic outlet decom- 
pression, and intravascular stents resulted in rapid 
return to the athlete’s baseline capabilities. 

Although stents are not commonly placed in 
our primary venous TOS patients with residual 
venous lesions, we have recognized an increasing 
number of hemodialysis patients with central 
venous lesions in or near the thoracic outlet. This 
clinical entity has been termed “dialysis-associ- 
ated venous thoracic outlet syndrome” [17]. In 
addition to the usual symptoms of venous TOS, 
dialysis patients also suffer from prolonged fistula 
bleeding (during cannulation and post-dialysis), 
inefficient dialysis and eventual fistula failure of 





the ipsilateral upper extremity. We recently 
reported our experience with costoclavicular 
decompression in patients with fistula dysfunc- 
tion [18]. Six underwent transaxillary first rib 
resection and four had medial claviculectomy. 
A central venogram through the fistula was com- 
pleted following surgical decompression and 
endovascular treatment (angioplasty and/or stent) 
performed for residual lesions. Fistula salvage 
was promising at 80 % with mean follow up 8 
months. In this special population, long term pat- 
ency with stent placement was beneficial in 
extending functional dialysis time. 

In summary, current evidence supports mixed 
opinions on whether stents are beneficial for 
venous TOS after surgical decompression. By 
evidence based medicine standards we would 
give it a grade of 2B. Our current treatment algo- 
rithm is to perform early first rib resection for 
patients with symptomatic venous thoracic outlet 
syndrome. Our preferred technique for first rib 
resection is transaxillary combined with intraop- 
erative venography and venoplasty. For any 
patients with significant residual stenosis follow- 
ing venoplasty intravascular ultrasonography is 
performed. In those patients with a >50 % resid- 
ual defect stenting would be considered. All 
patients are anticoagulated for 3-6 months and 
followed with ultrasound. 
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Abstract 

Anticoagulation is an important element in the management of most 
patients with VTOS. The use of anticoagulation should be tailored to the 
specific form of VTOS present, however, and modified according to the 
condition of the individual patient. In general, patients with non-thorm- 
botic positional venous compression requires no anticoagulation. Those 
with acute axillosubclavian vein thrombosis require anticoagulation to 
prevent propagation of thrombus, reduce the risk of pulmonary embolus, 
and to reduce the risk of rethrombosis while awaiting decompression, and 
following this should be anticoagulated for 3 months. Patients with chronic 
venous occlusion do not require anticoagulation for safety, but long-term 
anticoagulation may be associated with spontaneous recanalization and 
thus can be considered. 


Introduction anticoagulation also plays a significant role in 
protecting patients from recurrent thrombosis 
until their thoracic outlet compression may be 


surgically relieved. 


The rationale for anticoagulation after treat- 
ment of axillosubclavian vein thrombosis is 
based on experience with lower extremity deep 
vein thrombosis (DVT) and empirical experi- 
ence with management of venous thoracic outlet 
syndrome (VTOS). The goals of anticoagulation 


Goals 


are the relief of symptoms, the prevention of 
propagation of thrombus, and the prevention of 
pulmonary embolization. In the setting of VTOS 
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A major goal of anticoagulantion in patients with 
VTOS is the moderation of presenting symptoms. 
Symptoms from venous compression at the tho- 
racic outlet result from reduced blood flow 
through the subclavian vein. Hydrostatic pressure 
within the venous system may be painful and give 
rise to congestive symptoms. The presence of a 
thrombus within a vein may give rise to an 
inflammatory reaction which can also result in 
pain. By inhibiting propagation and allowing 


531 


DOI 10.1007/978- 1-447 1-4366-6_75, © Springer-Verlag London 2013 


532 

endogenous thrombolytic resolution of thrombus, 
anticoagulation will reduce symptoms due to 
venous congestion as well as those due to 
inflammation. Clinical reports dating to 1948 
indicate the beneficial effect of anticoagulation 
on the course of acute subclavian vein thrombosis 
and relief of the symptoms of acute DVT [1, 2]. 

Recurrent thrombosis of the axillosubclavian 
vein is well recognized. Adams described 28 
VTOS patients managed with anticoagulation, 
rest, and arm elevation alone [3]. Of these, 85 % 
had recurrent and persistent symptoms of venous 
congestion (and 11 % pulmonary embolization). 
Tilney and associates similarly described 48 
patients managed with anticoagulation who did 
not undergo surgical decompression who were 
followed for a mean of 6.6 years, and noted that 
17 % developed recurrent thrombosis [4]. 
Machleder described a series of 50 patients who 
were initially managed with anticoagulation and 
subsequently presented for surgery [5]. Seventeen 
(34 %) suffered multiple thrombotic events prior 
to proceeding with surgical decompression. 

The incidence of pulmonary embolization 
(PE) in upper extremity DVT has been reported 
to be significant. As above, the historical 
Rochester experience documented a rate of 11 % 
in patients anticoagulated alone [3]. Kooij and 
colleagues noted in a retrospective review of all 
upper extremity DVTs an overall incidence of 
12 %; in the 16 patients with primary upper 
extremity DVT, the rate was 6 % [6]. When stud- 
ied prospectively by Monreal and associates, the 
incidence of PE in patients presenting with upper 
extremity catheter-related DVT was 13 % [7]. 
While series criteria and treatment varied, the 
rate of PE in patients with upper extremity DVT 
treated conservatively seems to be around 10 %. 


Chest Guidelines 


The most widely accepted guidelines for the 
management of acute deep vein thrombosis was 
published in 2008 in a supplementary issue of 
Chest. These guidelines are based on extensive 
review of current literature and are grouped 
according to the strength of published data which 
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underlies each recommendation. The recom- 
mended treatment of acute deep vein thrombosis 
is at least 3 months of anticoagulation with a tar- 
get INR of 2.5. More prolonged administration of 
anticoagulants may be warranted based on a his- 
tory of clotting, the presence of procoagulable 
factors, and ability to safely use anticoagulants 
[8]. Recurrent deep vein thrombosis is an indica- 
tion for life-long anticoagulation. The presence 
of thrombophillic conditions is an indication for 
anticoagulation — at the very least during periods 
of increased DVT risk, and occasionally for life- 
long duration. 

The principal exception to these guidelines, 
however, is if a condition which promotes throm- 
bosis is removed. In such instances long-term 
anticoagulation may not be indicated. In cases 
of VTOS, extrinsic compression of the axillo- 
subclavian vein is the condition which promoted 
thrombosis. Surgical decompression of the tho- 
racic outlet will alleviate the pro-thrombotic 
event and would thus in theory allow cessation of 
anticoagulation. 


Duration of Therapy in Patients 
with VTOS 


The duration of anticoagulation for venous TOS 
will thus be based on several factors: the presen- 
tation (acute upper extremity DVT, chronic post- 
thrombotic occlusion, post-phlebitic stenosis, and 
intermittent non-thrombotic venous compression), 
the underlying causes for thrombosis, and the 
condition of the vein following decompression. 


Imaging 


Venography and thrombolysis may offer 
significant insights into the casue of axillo- 
subclavian vein thrombosis. Venography will 
identify the presence of venous thrombosis or 
venous stenosis at the thoracic outlet. Venography 
will define the condition of the subclavian vein 
as either normal, post-phlebitic, or occluded. 
Venography will help define the chronicity of the 
venous compromise: the presence of large, 


75 Controversies in VTOS: How Long Should Anticoagulation Be Used in VTOS? 


533 








mature, well developed venous collaterals speaks 
to the longstanding nature of the venous com- 
pression, the inability to traverse the occlusion 
with a guidewire will confirm the dense fibrosis 
of the occlusion. If venography indicates the 
presence of significant extrinsic compression at 
the thoracic outlet, then anticoagulation is indi- 
cated until the compression is resolved. 

If venography uncovers a pre-occlusive steno- 
sis anticoagulation is required to prevent 
re-thrombosis. Anticoagulation is maintained 
until such time as the stenosis can be repaired. 
Failure to employ anticoagulants may result in 
recurrent thrombosis. Following thrombolysis 
anticoagulation allows healing of the venous 
endothelium, it allows more rapid resolution of 
the endovenous inflammatory processed and thus 
reduced recurrent thrombosis of the vein. The 
protocol promoted by Machleder required a 
period of 3 months of anticoagulation following 
thrombolysis and prior surgical decompression 
of the thoracic outlet [5, 9]. The rationale for this 
was to allow a period of time for the venous 
endothelium to heal and the inflammation to 
recede following the acute DVT. 

A report by Angle and colleagues comparing 
early and delayed surgical decompression made 
incidental note of interval thrombosis of the sub- 
clavian vein [10]. About 20 % of patients were 
noted to re-thrombose their subclavian veins 
when they were removed from anticoagulants in 
order to undergo first rib resection. This experi- 
ence underscores the importance of anticoagula- 
tion in maintaining vein patency following 
thrombolysis in the face of high-grade extrinsic 
venous compression. The authors recommended 
resumption of anticoagulation following surgery 
for a period of 3 months post-op. 

Finally, venography may occasionally revear 
a subclavian vein with no evidence of extrinsic 
compression. The venous thrombosis is not due 
to mechanical compressive elements and addi- 
tional reasons for coagulation should be sought. 
Particular attention is given to the evaluation 
of hyper-coagulable conditions and malignan- 
cies. Anticoagulation in these patients is then 
based on the primary thrombophillic or malig- 
nant condition. 


Thrombophilia 


Hypercoagulable conditions may add _ further 
impetus to the growth and extent of the thrombus. 
Pro-thombophilic elements such as the use of 
exogenous steroids (OCP) and smoking will 
favor the development of thrombus. Vaya and 
colleagues notes that exogenous steroid use in the 
form of oral contraception increased the risk of 
upper extremity DVT [11]. This was further exac- 
erbated by the presence of a hyper-coagulable 
condition with a synergistic increase in the risk of 
upper extremity DVT. This synergistic effect of 
thrombophilia and OCP use was also noted by 
Martinelli in a 2005 study of 115 primary upper 
extremity DVTs [12]. 

Other hematological conditions may add to 
the pro-thrombotic milieu. Heron and colleagues 
reported the incidence of hyper-coagulable 
findings (protein C and protein S deficiencies, 
anti-phospholipid syndrome, factor V mutations, 
and gene G20210A mutations) in patients with 
effort related upper extremity DVT to be about 
15 %, whereas non-effort related DVTs were 
associated with a 42 % incidence of abnormal 
coagulation testing [13]. More recently, Casada 
and colleagues reported a series of 18 patients 
presenting with acute axillo-subclvian vein DVT 
related to TOS. They discovered that 67 % of 
patients were found to found to have relatively 
common coagulation disorders [14]. The pres- 
ence of common thrombophyllic conditions such 
as protein C and protein S deficiencies, anti- 
thrombinb III deficiency, anti-phospholipid syn- 
drome, factor V Leyden mutations, and gene 
G20210A mutations in the association with acute 
venous thrombosis require use of anticoagula- 
tion. Certain thrombophillic conditions may war- 
rant prolonged or life-long anticoagulation. 


Condition of the Axillosubclavian 
Vein Following Decompression 


An additional consideration is the condi- 
tion of the subclavian vein following sur- 
gical decompression. Most authors advise 
post-decompression venography to assess the 
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Table 75.1 Clinical indications for use of anticoagulation in axillo-subclavian vein thrombosis 


Acute axillo-subclavian vein thrombosis 


(a) With no planned thrombolysis: anticoagulantionis indicated for at least 3 months and until symptoms resolve 


(b) Post-thrombolysis, with planned initial period of non-surgical management for mild to moderate residual venous 
stenosis: anticoagulation is indicated for at least 3 months and until the venous symptoms resolve 


(c) Post-thrombolysis, with planned surgical decompression for residual pre-occlusive venous stenosis: 
anticoagulation is indicated for at least 3 months and until the venous stenosis is resolved 


Post-phlebitic axillo-subclavian vein stenosis 


(a) If no thrombotic event within a period of 6 months, anticoagulation may not be indicated 


(b) If thrombosis is believed to have recurred within 6 months, then anticoagulation is indicated for at least 3 months 


and until the venous stenosis is resolved 


Chronic post-thrombotic axillo-subclavian vein occlusion 


(a) If within 3 months of thrombotic event- anticoagulation is indicated for at least 3 months, possibly up to 


6 months 


(b) If beyond 6 months from date of thrombosis — no anticoagulation indicated 


(c) Post-decompression: If residual occlusion related congestive symptoms persist: anticoagulation may be indicted 


for a period up to | year in selected cases 


Intermittent non-thrombotic axillo-subclavian vein compression 


(a) Anticoagulation is not indicated 


condition of the subclavian vein. Some authors 
perform this assessment in the course of the 
decompression operation. Other authors favor 
venography for post-operative evaluation at a 
later time. If persistent narrowing of the subcla- 
vian vein is identified, then venoplasty or venous 
reconstruction may be indicated. More recently 
balloon angioplasty and stenting has been used 
as the final step in restoring the subclavian 
vein to normal caliber and patency. Between 
35 and 64 % of patients undergoing thoracic 
outlet decompression surgery for venous TOS 
after successful thrombolysis will require post- 
operative angioplasty [10, 15]. These patients 
have a persistent high grade stenosis of their 
subclavian vein due to fibrosis in reaction to the 
venous thrombus. Because the high grade steno- 
sis presents the opportunity for recurrent throm- 
bosis, anticoagulation is indicated. The duration 
of anticoagulation would be until such time as 
the stenosis is corrected. 





Recommendations Based 
on Presentation 


Four common presentations of vTOS are 
commonly noted: acute upper extremity DVT, 
chronic post-thrombotic occlusion, post-phlebitic 


stenosis, and intermittent non-thrombotic venous 
compression (Table 75.1) 

A patient with acute upper extremity DVT 
(Paget-Schroetter syndrome) is best managed 
with anticoagulation and thrombolysis in the 
acute period (preferably within 10-14 days of 
the thrombotic event). Thrombolysis offers the 
advantages of rapid and more efficient clearing of 
the clot, and the ability to assess the condition of 
the axillo-subclavian vein. Thrombolysis is then 
followed by a period of anticoagulation and, 
when indicated, surgical decompression. Based 
on the general guidelines for DVT these patients 
are managed with at least 3 months of anticoagu- 
lation [8]. Further anticoagulation is indicated 
based on the response to initial therapy, the 
findings after thrombolysis, and the surgical man- 
agement. If the post-thrombolytic vein is widely 
patent or mild to moderate residual stenosis is 
seen, anticoagulation should be continued for 
only 3 months (unless a significant hyper-coagu- 
lable condition is present). 

Patients presenting with chronic post- 
thrombotic occlusion are not candidates for 
thrombolysis. These patients will often have a 
history of long-lasting venous congestive symp- 
toms and a remote thrombotic event may be 
noted. If symptomatic, these patients can be 
offered thoracic outlet decompression in hopes of 
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allowing improved collateralization across the 
area of occlusion, and possibly recanalization of 
the decompressed vein. Additional venous recon- 
struction may be warranted. Anticoagulation is 
not needed in these patients due to the chronicity 
of the venous occlusion. 

There is some recent evidence that a course of 
long-term anticoagulation is associated with 
recanalization of some occlusions following sur- 
gical decompression. de Leon described a small 
group of patients who presented 12-34 weeks 
following thrombosis and were shown to have 
chronically occluded veins. Following surgical 
decompression, they were maintained on antico- 
agulation for up to 1 year and reimaged. In all 
four instances the subclavian veins were found to 
have recanalized on careful ultrasound exam, and 
in a later series, identical results were seen in 13 
of 17 similar patients [9, 10]. Based on this, they 
advise long-term post-operative anticoagulation 
in patients with chronic venous occlusion who 
have undergone thoracic outlet decompression. 
The duration of the anticoagulation is “until the 
subclavian vein was demonstrated to be patent”. 
It should be noted, however, that no evidence 
directly tied anticoagulation, per se, to recanali- 
zation; the two coexisted but causality was not 
proven and these results have not yet been 
replicated. 

A distinct subgroup of VTOS patients will 
present with post-phlebitic symptoms. These 
patients will often present many months to years 
following a thrombotic event, with the delay 
often related to difficulty in establishing the diag- 
nosis and/or identifying a physician who is able 
to manage their condition. Venography demon- 
strates a patent but irregular, recanalized subcla- 
vian vein with evident compression at the thoracic 
outlet. If symptomatic, these patients should be 
offered thoracic outlet decompression with the 
goal of restoring patency of the axillo-subclavian 
vein and improving venous outflow from the arm. 
As these patients present months to years follow- 
ing their acute thrombosis, the role of anticoagu- 
lation is ambiguous. In the absence of recent 
events which may suggest thrombosis, anticoag- 
ulation may not be necessary. In some instances 
where recurrent thrombosis is a_ significant 





concern of the patient or the physicians, antico- 
agulation may be justified given the well docu- 
mented recurrent nature of axillo-subclavian 
venous thrombosis in VTOS [3-5]. By this rea- 
soning anticoagulation could used to prevent 
recurrent thrombosis until such time as the tho- 
racic outlet compression may be resolved and the 
vein restored to optimal patency. 

Finally, non-thombotic or positional venous 
compression of the subclavian vein most com- 
monly presents with congestive symptoms related 
to upper extremity exertion or positional changes. 
Venography will often be normal at rest, but 
reveal collaterals with elevation. In the absence 





of acute venous thrombosis anticoagulation is 
not required [11-15], although many or most 
investigators and clinicians recommend elective 
first rib resection. 





Conclusions. 
Anticoagulation is an important element in the 
management of most patients with VTOS. The 
use of anticoagulation should be tailored to 
the specific form of VTOS present, however, 
and modified according to the condition of the 
individual patient. In general, patients with 
non-thormbotic positional venous compres- 
sion requires no anticoagulation. Those with 
acute axillosubclavian vein thrombosis require 
anticoagulation to prevent propagation of 
thrombus, reduce the risk of pulmonary 
embolus, and to reduce the risk of rethrombo- 
sis while awaiting decompression, and follow- 
ing this should be anticoagulated for 3 months. 
Patients with chronic venous occlusion do not 
require anticoagulation for safety, but long- 
term anticoagulation may be associated with 
spontaneous recanalization and thus can be 
considered. 
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Abstract 

Very little information is available regarding the natural history of the con- 
tralateral side in patients with venous TOS (VTOS). Despite the sparse 
data, some conclusions can be drawn — patients with VTOS do appear to 
be at an increased risk of developing contralateral VTOS, and abnormal 
venographic findings on the contralateral side are common in patients with 
VTOS. Asymptomatic venous stenosis with positional obstruction can 
progress to symptomatic venous obstruction, but the rate at which this 
occurs is not known. Screening for contralateral pathology is reasonable in 
patients with VTOS (interviews alone, with imaging reserved for only 
those with active symptoms), prophylactic surgery on the contralateral 
side is not indicated, and, lastly, the same principals used in treating pri- 
mary VTOS should be applied when considering VTOS on the contralat- 
eral side. 


Introduction 


VTOS is a disorder of the anterior part of the tho- 
racic outlet, where the subclavian vein passes by 
the intersection of the clavicle and first rib. It is 
unclear whether an anatomically smaller costo- 
clavicular space, resulting from either hypertro- 
phied muscle (scalenus anterior or subclavius) or 
abnormal bone morphology (clavicle or first rib) 
is required or whether this condition can simply 
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occur without a defined abnormality. Regardless 
of which anatomic structure is thought to be 
abnormal, compression of the subclavian vein 
with movement by any one structure alone or in 
combination is felt to be responsible for VTOS 
(1-7). It is reasonable to assume that because 
anatomic factors, whether acquired or congenital, 
play such a large role in this disorder, patients 
who present with VTOS may be at risk for simi- 
lar pathology on the contralateral side. 

Adams and DeWeese demonstrated in normal 
patients that when the arm is hyper-abducted, or 
the shoulder caudally depressed, or externally 
rotated, or the neck hyper-extended, the subcla- 
vian vein is compressed within the costoclavicu- 
lar space [1]. In addition, only 10 % of cadavers 
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were found to have what is considered normal 
anatomy in one study [2], and in another, the bra- 
chial plexus and subclavian artery were found to 
be compressed in half of normal specimens using 
the Wright position (maximum shoulder abduc- 
tion and external rotation) [3]. Together these 
findings suggest that the structures contained in 
the thoracic outlet are likely routinely compressed 
to some extent during certain maneuvers in nearly 
all people. What separates patients who experi- 
ence symptoms with provocative maneuvering 
from those that do not experience symptoms is 
unknown. Finally, It is unclear if VWTOS develops 
as a consequence of a single event of effort, or the 
cumulative effects of repetitive compression of 
the subclavian vein with resultant damage and 
eventual stenosis/thrombosis. 
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symptoms when either the venous outflow is 
obstructed. At the time of surgery, no thrombosis 
or venous injury is present. 

Another observation is that almost all patients 
who progress to full thrombosis have vein com- 
pression with arm abduction seen after lysis 
[7-10] and/or recent vigorous use of the affected 
extremity [11-13]. These observations together 
have lead some to believe that patients diagnosed 
with intermittent positional obstruction are in the 
early stages of the pathologic process that ulti- 
mately leads to venous thrombosis [14]. Although 
the natural history of these patients is unclear, 
many patients with intermittent positional 
obstruction of the subclavian vein are often con- 
sidered as having “VTOS” in the literature and 
offered decompressive surgery. 





Intermittent Positional Obstruction 


Mc Cleery first described intermittent positional 
obstruction in his 1951 paper [4]. Intermittent 
positional obstruction occurs during certain pro- 
vocative positioning or with muscular exertion, 
and results in bony and muscular structures com- 
pressing and obstructing the subclavian vein. This 
induces venous hypertension and subsequent 
symptoms, which subside with termination of 
exertion/positioning and rest. Surprisingly little is 
known about the natural history of this disorder. 
Adams and DeWeese described a phenomenon in 
their 1968 paper where certain patients develop 
venous compression with provocative maneuvers 
with subsequent symptomatic swelling and dis- 
coloration [1]. While many (or most) asymptom- 
atic patients can be stressed enough to partially 
occlude their subclavian vein, this finding in a 
patient who complains of an intermittently swol- 
len and discolored arm with exertion has significant 
therapeutic implications [5, 6]. These patients will 
often have venograms that are normal at rest but 
abnormal (varying degrees of extrinsic compres- 
sion with “new” venous collaterals) with the arm 
abducted. These symptoms are felt to be the result 
of venous insufficiency with inadequate collateral 
drainage for the increase blood return from the 
active arm, leading to venous hypertension and 


VTOS: The Contralateral Side 
Review of Literature 


The modern literature surrounding bilateral 
VTOS is sparse and summarized in Table 76.1 [6, 
15-31]. Only 22 of 1,266 patients in series 
reported from 1996 to 2011, or 2.2 %, underwent 
surgery for bilateral VTOS. This is substantially 
higher that the estimated rate of 1/50,000— 
1/100,000 people per year for primary VTOS 
[13, 32, 33]. The higher incidence may be the 
result of selection bias, in that patients diagnosed 
and treated by a physician who concentrates on 
VTOS are more likely to have contralateral 
venous imaging and undergo decompressive sur- 
gery, but could also be due to an increased ana- 
tomic risk for bilateral risk. 

The largest case series in the literature reports 
18 cases of contralateral VTOS [27]. In this series 
16 of the 18 patients with bilateral disease had 
sequential development of symptoms, while only 
two patients presented with concurrent bilateral 
VTOS. A recent report documents the progres- 
sion from asymptomatic contralateral subclavian 
vein stenosis to symptomatic stenosis [30]. 
Combining the observations of this case report 
and Urschel’s series, it is evident that 
asymptomatic stenosis can progress over time to 
symptomatic stenosis. 
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Table 76.1 Modern literature on contralateral venous thoracic outlet syndrome 


Contralateral | Concurrent 
compression VTOS requiring Sequential VTOS 
Author (year) (Ref) Institution Subjects onvenogram — surgery requiring surgery 
Hempel (1996) [16] Baylor 47 0 0 0 
Sheeran (1997) [18] UCONN and Brown 14 0 0 0 
Adelman (1997) [17] NYU 17 0 0 0 
Lee 1998 [19] Brigham and Women’s 11 0 0 0 
Hospital 
Azakie (1998) [6] UCSF and Washington 33 9 0 0 
University St. Louis, 
MO 
Angle (2001) [20] UCLA 18 0 0 0 
Feugier (2001) [7] Edouard Herriot 10 6 0 0 
Hospital, Lyon, France 
Kreienberg 2001 [22] Albany 23 0 0 0 
Coletta (2001) [21] Naval Medical center 19 2 0 0 
San Diego 
Lokanathan (2001) [23] University of British 28 2 0 0 
Columbia 
Schneider (2004) [24] UCSF and Thomas 25 0 0 0 
Jefferson University 
Lee (2006) [25] Sanford 64 0 0 0 
Molina (2007) [26] University of Minnesota 114 0 0 0 
Urschel (2008) [27] Baylor University 608 18 2 16 
Medical Center, Dallas 
Guzzo (2010) [28] The Johns Hopkins 103 7 0 7 
Hospital 
Stone (2010) [29] Dartmouth-Hitchcock 36 0 0 0 
Medical Center 
Thakur (2010) [30] University of Michigan 1 1 0 1 
and Toledo Hospital 
Doyle (2011) [31] University of Rochester 95 2 0 2 
Medical Center 
Overall 1,266 3.7% 0.2% 2.1% 
(47/1,266) (2/1,266) (26/1,266) 


In studies where the contralateral side was 
imaged as routine, venous compression or steno- 
sis was found in between 27 and 60 % of patients 
[6, 21, 34]. In some of these case series patients 
were offered prophylactic decompression — all 
with good outcomes — although none were symp- 
tomatic. In the series by Azakie et al., 9 of 33 
patients were found to have high-grade asymp- 
tomatic stenosis and positional occlusion of the 
contralateral subclavian vein by imaging. 
Interestingly, the eight patients who were man- 
aged without prophylactic surgery all remained 
completely asymptomatic at follow-up ranging 


from 4 months to 6 years, (median 18 months). 
This appears to be the largest cohort of patients 
followed for this disease process. Overall the 
natural history of asymptomatic contralateral 
VTOS appears benign in the majority. 





Summary and Recommendations 


VTOS is the result of subclavian vein compres- 
sion by any variety of anatomic structures as it 
traverses the thoracic outlet. Patients with VTOS 
are likely at an increased risk of developing 
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contralateral VTOS — although this risk is rela- 
tively low in an absolute sense, it is clearly higher 
than in the general population. The literature does 
clearly show that abnormal venographic findings 
on the asymptomatic contralateral side are com- 
mon when specifically looked for in patients with 
VTOS [6, 21, 34]. It is known that asymptomatic 
venous stenosis with positional obstruction can 
progress to symptomatic venous obstruction [30]. 
However, the rate at which asymptomatic lesions 
progress to symptomatic lesions is not known. 

It is reasonable to have an index of suspicion 
for contralateral VTOS in all patients with VTOS. 
This can be pursued through patient interviews, 
but additional diagnostic imaging is probably not 
necessary unless patients report symptoms con- 
sistent with VTOS. In addition patients should be 
counseled with regard to symptomatic recurrence 
on either side, and instructed to have a low toler- 
ance for recurrent symptoms on either side. The 
same principals used in treating primary VTOS 
should be applied when considering the contral- 
ateral side. As a result asymptomatic patients 
should be observed and not offered prophylactic 
surgery as a matter of routine. In the instance of 
contralateral VTOS excellent outcomes can be 
expected with little long-term morbidity if mod- 
ern treatment paradigms are applied. 





References 


1. Adams J, McEvoy R, DeWeese J. Primary deep 
venous thrombosis of upper extremity. Arch Surg. 
1965;91:29-42. 

2. Falconer M, Weddell G. Costoclavicular compression 
of subclavian artery and vein. Lancet. 1943;2:539. 

3. Gould P, Patey D. Primary thrombosis of axillary 
vein: study of eight cases. Br J Surg. 1928;16:208. 

4. McCleery RS, Kesterson JE, Kirtley JA, Love RB. 
Subclavius and anterior scalene muscle compression 
as a cause of intermittent obstruction of the subclavian 
vein. Ann Surg. 1951;1335:588-602. 

5. Sampson J, Saunders JB, Capp CS. Compression of 
the subclavian vein by first rib and clavicle. Am Heart 
J. 1940;19:292. 

6. Azakie A, McElhinney DB, Thompson RW, Raven 
RB, Messina LM, Stoney RJ. Surgical management of 
subclavian-vein effort thrombosis as a result of tho- 
racic outlet compression. J Vasc Surg. 1998;28(5): 
7711-86. 





7. Feugier P, Aleksic I, Salari R, Durand X, Chevalier 
JM. Long-term results of venous revascularization for 
Paget-Schroetter syndrome in athletes. Ann Vasc 
Surg. 2001;15(2):212-18. 

8. Urschel Jr HC, Razzuk MA. Improved management 
of the Paget-Schroetter syndrome secondary to tho- 
racic outlet compression. Ann Thorac Surg. 1991; 
52(6):1217-21. 

9. Adams J, DeWeese J, Mahoney E, Rob C. Intermittent 
subclavian vein obstruction without thrombosis. 
Surgery. 1968;68:147-65. 

10. Juvonen T, Satta J, Laitala P, Luukkonen K, Nissinen 
J. Anomalies at the thoracic outlet are frequent in the 
general population. Am J Surg. 1995;170(1):33-7. 

11. Tanaka Y, Aoki M, Izumi T, Fujimiya M, Yamashita 
T, Imai T. Measurement of subclavicular pressure on 
the subclavian artery and brachial plexus in the costo- 
clavicular space during provocative positioning 
for thoracic outlet syndrome. J Orthop Sci. 2010;15(1): 
118-24. 

12. Heron E, Lozinguez O, Emmerich J, Laurian C, 
Fiessinger JN. Long-term sequelae of spontaneous 
axillary-subclavian venous thrombosis. Ann Intern 
Med. 1999;131(7):510-13. 

13. Urschel Jr HC, Razzuk MA. Paget-Schroetter syn- 
drome: what is the best management? Ann Thorac 
Surg. 2000;69(6): 1663-8; discussion 1668-9. 

14. Illig KA, Doyle AJ. A comprehensive review 
of Paget-Schroetter syndrome. J Vasc Surg. 2010;51(6): 
1538-47. 

15. Green RM, Waldman D, Ouriel K, Riggs P, Deweese 
JA. Claviculectomy for subclavian venous repair: 
long-term functional results. J Vasc Surg. 2000;32(2): 
315-21. 

16. Hempel GK, Shutze WP, Anderson JF, Bukhari HI. 
770 consecutive supraclavicular first rib resections for 
thoracic outlet syndrome. Ann Vasc Surg. 1996;10(5): 
456-63. 

17. Adelman MA, Stone DH, Riles TS, Lamparello PJ, 
Giangola G, Rosen RJ. A multidisciplinary approach 
to the treatment of Paget-Schroetter syndrome. Ann 
Vasc Surg. 1997;11(2):149-54. 

18. Sheeran SR, Hallisey MJ, Murphy TP, Faberman RS, 
Sherman S. Local thrombolytic therapy as part of a 
multidisciplinary approach to acute axillosubclavian 
vein thrombosis (Paget-Schroetter syndrome). J Vasc 
Interv Radiol. 1997;8(2):253-60. 

19. Lee MC, Grassi CJ, Belkin M, Mannick JA, 
Whittemore AD, Donaldson MC. Early operative 
intervention after thrombolytic therapy for primary 
subclavian vein thrombosis: an effective treatment 
approach. J Vasc Surg. 1998;27(6):1101-7; discus- 
sion 1107-8. 

20. Angle N, Gelabert HA, Farooq MM, et al. Safety and 
efficacy of early surgical decompression of the tho- 
racic outlet for Paget-Schroetter syndrome. Ann Vasc 
Surg. 2001;15(1):37-42. 

21. Coletta JM, Murray JD, Reeves TR, et al. Vascular 
thoracic outlet syndrome: successful outcomes with 


76 


Controversies in VTOS: What to Do About the Contralateral Side? 


541 
































22: 


23: 


24. 


25. 


26. 


27. 


multimodal therapy. Cardiovasc Surg. 2001;9(1): 
11-5. 

Kreienberg PB, Chang BB, Darling 3rd RC, et al. 
Long-term results in patients treated with thromboly- 
sis, thoracic inlet decompression, and subclavian vein 
stenting for Paget-Schroetter syndrome. J Vasc Surg. 
2001;33(2 Suppl):S100-S. 

Lokanathan R, Salvian AJ, Chen JC, Morris C, Taylor 
DC, Hsiang YN. Outcome after thrombolysis and 
selective thoracic outlet decompression for primary 
axillary vein thrombosis. J Vasc Surg. 2001;33(4): 
783-8. 

Schneider DB, Dimuzio PJ, Martin ND, et al. 
Combination treatment of venous thoracic outlet syn- 
drome: open surgical decompression and intraopera- 
tive angioplasty. J Vasc Surg. 2004;40(4):599-603. 
Lee JT, Karwowski JK, Harris EJ, Haukoos JS, Olcott 
C. Long-term thrombotic recurrence after nonopera- 
tive management of Paget-Schroetter syndrome. 
J Vasc Surg. 2006;43(6): 1236-43. 

Molina JE, Hunter DW, Dietz CA. Paget-Schroetter 
syndrome treated with thrombolytics and immediate 
surgery. J Vasc Surg. 2007;45(2):328-34. 

Urschel Jr HC, Patel AN. Surgery remains the most 
effective treatment for Paget-Schroetter syndrome: 50 
years’ experience. Ann Thorac Surg. 2008;86(1): 
254-60; discussion 260. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


Guzzo JL, Chang K, Demos J, Black JH, Freischlag 
JA. Preoperative thrombolysis and venoplasty affords 
no benefit in patency following first rib resection and 
scalenectomy for subacute and chronic subclavian 
vein thrombosis. J Vasc Surg. 2010;52(3):658-63. 
Stone DH, Scali ST, Bjerk AA, et al. Aggressive treat- 
ment of idiopathic axillo-subclavian vein thrombosis 
provides excellent long-term function. J Vasc Surg. 
2010;52(1):127-31. 

Thakur S, Comerota AJ. Bilateral nonthrombotic sub- 
clavian vein obstruction causing upper extremity 
venous claudication. J Vasc Surg. 2010;52(1): 
208-11. 

Doyle A. Venous thoracic outlet syndrome. Rochester: 
University of Rochester Medical Center; 2011. 
Hurley WL, Comins SA, Green RM, Canizzaro J. 
Atraumatic subclavian vein thrombosis in a collegiate 
baseball player: a case report. J Athl Train. 
2006;41(2):198—200. 

Lindblad B, Tengborn L, Bergqvist D. Deep vein 
thrombosis of the axillary-subclavian veins: epidemi- 
ologic data, effects of different types of treatment and 
late sequelae. Eur J Vasc Surg. 1988;2(3):161—5. 
Machleder HI. Evaluation of a new treatment strategy 
for Paget-Schroetter syndrome: spontaneous throm- 
bosis of the axillary-subclavian vein. J Vasc Surg. 
1993;17(2):305—15; discussion 316-7. 


Part X 


Arterial TOS: General Principles 


Arterial thoracic outlet syndrome (ATOS) is clearly the rarest form of the 
problem; the combined experience of the editors (one with extensive experi- 
ence in high performance athletes) over the past three decades suggests a rate 
of only 1-3 % of all that present with any form of TOS. While many patients 
with neurogenic TOS will have evidence of sympathetic overactivity and/or 
positional arterial compression (and, indeed, many if not most asymptomatic 
people can be found to have loss of pulses with extreme maneuvers), the 
diagnosis of ATOS is reserved for those with symptoms truly referable to 
fixed arterial lesions caused by damage to the subclavian artery as it passes 
over the first rib. In a manner analogous to the relationship of pectoralis minor 
syndrome to neurogenic TOS, lesions of the humoral circumflex arteries, 
most commonly seen in athletes, while not strictly in the same family, are 
also treated by ATOS specialists and are considered below. 

ATOS really consists of two things — the problem at the first rib, and the 
distal sequelae. The original problem is repetitive damage to the subclavian 
artery as it crosses the rib. Such damage can be either aneurysm formation or 
vessel occlusion due to damage. In turn, the distal problem can be either isch- 
emia — if the patient is lucky — or embolization with fixed occlusion. The former 
is very easily treated by fixing the proximal problem, but if fixed small vessel 
lesions are present, even perfect therapy can fail to relieve the problem. 

The classic patient with ATOS presents with distal ischemia of the upper 
extremities. Not much can cause this, and if the patient is very young, especially 
if an athlete, the diagnosis may be obvious. However, if older, conventional ath- 
erosclerosis or an inflammatory arteriopathy may be assumed to be the problem, 
and definitive treatment delayed until too late. Luckily, the diagnosis of ATOS is 
the easiest of the three forms of the syndrome, and treatment most obvious. 
However, as mentioned above, if fixed lesions due to embolization exist, outcomes 
may be no better, and, indeed, at times worse, than those after treatment of NTOS. 

The following section will explore this subject in detail, and present conven- 
tional and alternative points of view for each step in the treatment of these patients. 
There is less controversy (or uncertainty) in the treatment of these patients than in 
other forms of TOS, but surgery can be more challenging and results not always 
as clean as one would expect. These are young, healthy patients, and proper 
understanding of the syndrome and proper care absolutely critical. 
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The anatomy and pathophysiology of ATOS is centered on cervical and 
anomalous first ribs. These ribs lie just inferior to the subclavian artery 
causing the artery to constantly beat against the rib. This results in damage 
to the inferior wall of the artery which becomes fibrotic and eventually 
stenotic. If the degree of stenosis elicits vibrations in the range of audible 
sound, post-stenotic dilatation and aneurysm formation develop in the 
subclavian artery. Both stenosis and aneurysms can produce non-occlusive 
arterial thrombosis which is the source of distal emboli and subsequent 
digital ischemia or even gangrene. 


Introduction 


Arterial thoracic outlet syndrome (ATOS) is hand 
and digital ischemia produced by emboli from 
subclavian artery aneurysms or stenosis secondary 
to arterial compression by cervical ribs or anoma- 
lous first ribs. Arterial pathology resulting from 
the compression leads to thrombi forming either 
distal to a stenosis in the artery or as mural thrombi 
in an aneurysm. Patients are usually asymptomatic 
while the pathology is developing but become 
symptomatic when emboli are released. 
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Etiology 


Arterial thoracic outlet syndrome (ATOS) is the 
diagnosis made when compression of the subcla- 
vian artery producing stenosis with or without 
aneurysm formation and subsequent emboli to 
the upper extremity is found. ATOS is uncom- 
mon, occurring in less than 5 % of all TOS 
patients in some series [1] and less than 1 % in 
others [2]. The term ATOS applies only when 
there has been a complication from compression 
of the subclavian artery, as many patients can be 
shown to have asymptomatic positional obstruc- 
tion without any apparent problems. This com- 
pression is usually due to an osseous abnormality, 
a cervical rib, or anomalous first rib (see Chaps. 3 
and 81). ATOS tends to be associated with objec- 
tive, structural, defined abnormalities to a much 
greater extent than VTOS or NTOS, making 
diagnosis a bit easier, but occasionally it is due to 
a (radiolucent) tight band or muscle compressing 
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Anomalous first rib 


Fig. 77.1 Anomalous first rib and cervical rib. Right side: 
An anomalous first rib inserting into the midportion of the 
right second rib. Note there is no anterior portion of the 
right first rib to insert at the sternum as the normal left first 
rib is doing. Note too that the reason this is anomalous 


the artery. Although most cervical and anoma- 
lous first ribs are asymptomatic throughout life, 
a few cause arterial complications capable of pro- 
ducing severe disability and even limb loss. 


Anatomy 


Over 90 % of patients with ATOS have either a 
cervical rib or anomalous first rib. If a patient has 
an abnormal rib on one side there is greater than 
50 % chance that there is a similar abnormality 
on the other side. 

When an abnormal high lying rib is seen above 
the second rib, it is sometimes hard to determine 
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Normal first rib 


Cervical rib 


Cervical band 


first rib is that it arises from the transverse process of TI. 
Left side: A cervical rib originating from the transverse 
process of C7. This is attaching to the midportion of the 
second rib via a congenital band. All incomplete cervical 
ribs attach to either the first of second rib by such a band 


if it is a cervical or anomalous first rib. By com- 
paring the rib origin at the transverse process 
with the transverse process of the opposite side 
where there is a normal first rib, the origin of the 
abnormal high rib can be determined: T1 means 
an anomalous first rib, while C7 obviously means 
a cervical rib (Figs. 77.1 and 77.2) (see also Fig. 
3.5). It should be noted, however, that this dis- 
tinction is almost always of academic interest 
only and does not alter clinical management. 
Finally, even if a cervical rib is incomplete by 
radiographic imaging, it is almost always associ- 
ated with a very tough fibrous band which runs 
from its tip to the first rib and elevates the struc- 
tures within the scalene triangle. 
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Cervical rib 


Second rib 


Fig. 77.2 Variations in cervical rib insertion and post- 
stenotic subclavian artery dilatation. Cervical ribs may 
insert on either the first rib as shown on the left side or 
second rib as shown on the right side. On the right side the 
first rib is absent which can lead to calling the cervical rib 
an anomalous first rib. The only difference is point of 


Pathophysiology 


Whether a cervical rib, anomalous first rib, or 
fibrous band, such a structure lies “schemati- 
cally” in the position of the normal first rib, 1.e., 
forming the floor of the scalene triangle. However, 
it is “higher” than the normal first rib, and thus 
invariably narrows this space. The high cervical 
rib pushes the subclavian artery above it so the 
artery is resting on the rib and arterial pulsation is 
constantly beating against the rib. In time, the 
wall of the artery, which is in contact with the rib, 
becomes fibrotic from continuous trauma. The 
arterial wall thickens in that spot and when 
enough fibrosis accumulates inside the artery, 
stenosis occurs. Arterial flow is accelerated in the 
stenotic area and turbulence develops distal to the 
stenosis. 

When there is enough turbulence to produce 
vibrations, post stenotic dilatation of the artery 
can occur, but only if the vibrations elicit a bruit 


547 


Ant. scalene M. 


Cervical rib 


Subclavian A. 


First rib 


Second rib 


origin from either C7 versus T1. On the /eft side the cervi- 
cal rib is inserting into a normal first rib sandwiching the 
subclavian artery between the rigid cervical rib and a tight 
anterior scalene muscle. This causes stenosis in the artery 
which in some patients leads to post-stenotic dilatation as 
shown here 


and thrill. Arterial stenosis that fails to produce 
vibrations in the proper sound range is not asso- 
ciated with post stenotic dilatation. Experiments 
have demonstrated that the most effective vibra- 
tions are those of very low frequencies, 25-35 Hz 
[3, 4]. These vibrations weaken elastin fibers and 
may destroy links between collagen fibers, mak- 
ing the arterial walls more distensible and sub- 
ject to dilatation under normal arterial pressure. 
Once dilatation begins aneurysm formation soon 
develops, and as the aneurysm enlarges, mural 
thrombus forms against the lateral walls. Stenosis 
that does not result in post-stenotic dilatation still 
produces turbulence that results in post-stenotic 
eddy currents and subsequent thrombus forma- 
tion just distal to the stenosis (see algorithm, 
Fig. 77.3). These processes occur silently. Most 
patients are unaware of their abnormal rib and 
even more unaware of the thrombus forming in 
either their subclavian artery aneurysm or distal 
to subclavian stenosis. Once thrombus develops 
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Fig. 77.3. Algorithm of pathophysiology of complications seen in aTOS (Reprinted from Sanders and Haug [5]. With 


permission from Wolter Kluwers Health) 


it is just a matter of time before embolization 
occurs. An embolus small enough to lodge in 
digital arteries produces a white, numb, painful 
finger which is frequently the first symptom caus- 
ing a patient to seek medical attention. In other 
patients the first symptom comes from a larger 
embolus occluding the brachial and/or radial 
and ulnar arteries resulting in limb-threatening 
ischemia. 


An example of a patient with an embolus from 
a stenosis without aneurysm formation is shown 
in Fig. 77.4a. This image demonstrates an ele- 
vated subclavian artery with a filling defect rep- 
resenting the stenosis (note that the stenosis is 
slightly distal to the cervical rib). After resecting 
the cervical rib, the diseased arterial segment was 
resected and end-to-end anastomosis accom- 
plished without difficulty. The postoperative film 
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Fig. 77.4 Arteriography in a 32 year old woman with a 
right cervical rib and embolization to the right arm and 
hand. (a) Preoperative film demonstrating high lying sub- 
clavian artery elevated by a cervical rib plus stenosis of 
the artery where thrombus formed and embolized down 
the arm. The thrombus is seen behind the superimposed 
clavicle. (b) Postoperative arteriogram following resection 


(Fig. 77.4b) reveals the subclavian artery lying 
lower because the rib is gone. Descent of the 
artery permits excision of 2-3 cm of artery and 
still allows an end-to-end anastomosis. 
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Abstract 

Arterial thoracic outlet syndrome (TOS) is a rare condition most frequently 
observed in relatively young, active, and otherwise healthy individuals. It 
is typically caused by a bony anatomic abnormality, leading to subclavian 
artery compression, poststenotic dilatation with aneurysmal degeneration 
and/or ulceration, and mural thrombus formation with distal embolization 
to the arm and/or hand. The clinical presentation of arterial TOS occurs in 
four settings: (1) upper extremity claudication due to fixed or positional 
subclavian artery obstruction, resulting in exercise-induced arm symptoms 
of fatigue, muscle cramping, heaviness and pain; (2) acute or subacute 
upper extremity ischemia due to thromboembolism, resulting in pain, 
numbness and/or tingling, cold sensation, and a pale or mottled appear- 
ance in the hand and/or fingers. (This is often associated with sustained 
digital vasospasm, which may be complicated by fingertip ulceration or 
digital gangrene); (3) an asymptomatic pulsatile mass in the supraclavicu- 
lar space, typically found in association with a cervical rib; and (4) the 
presence of symptoms of neurogenic TOS in a patient with a cervical rib, 
with an incidental finding of a subclavian artery aneurysm identified on 
physical examination or imaging studies. In this chapter, we review the 
clinical presentation of arterial TOS and use of history, physical examina- 
tion, and imaging studies to establish a sound diagnosis of this potentially 
limb-threatening condition. 
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Introduction 


Arterial thoracic outlet syndrome (TOS) is a rare 
condition most frequently observed in relatively 
young, active, and otherwise healthy individuals 
[1-4]. Arterial TOS is typically caused by a bony 
anatomic abnormality, leading to subclavian 
artery compression, poststenotic dilatation with 
aneurysmal degeneration and/or ulceration, and 
mural thrombus formation with distal emboliza- 
tion to the arm and/or hand. Arterial TOS is com- 
monly caused by abnormal osseous structures, 
such as cervical ribs, anomalous first ribs, 
fibrocartilagenous bands and hypertrophic callus 
from healed clavicular fractures [2, 4, 5]. Cervical 
ribs displace the brachial plexus and subclavian 
artery forward where the artery is compressed 
between the abnormal rib, the anterior scalene 
muscle, and the first rib. While the association 
between a cervical rib and arterial symptoms was 
first reported by Sir Astley Cooper in 1818, Coote 
reported the first surgical procedure for arterial 
TOS in 1861 at St. Bartholomew’s Hospital in 
London, where he removed an exostosis of the 
transverse process of the seventh cervical verte- 
brae to treat an ischemic hand [6]. The term 
“thoracic outlet syndrome” was coined by Peet 
and colleagues in 1956 [7]. 





Epidemiology 


Examination of the published literature reveals 
that arterial TOS is the least frequent form of 
TOS. In a series of more than 5,000 patients pub- 
lished by Urshel and Kourlis, the incidence was 
6 % [8]. Other large, single-institution series have 
reported an incidence of arterial TOS of 1-3 % 
[9-12]. The mean age at presentation is 37 years, 
with an equal proportion of men and women 
affected. Abnormal osseous structures are consis- 
tently present in this population. The relative fre- 
quency of anatomic abnormalities causing arterial 
TOS is listed in Table 78.1. Interestingly, a recent 
cadaveric study reported the incidence of cervical 
ribs to be <0.5 % in the general population, and 
showed that cervical ribs can be associated with 
histopathologic changes in the brachial plexus. 
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Table 78.1 Bony abnormalities associated with arterial 
TOS 


Abnormality Frequency (%) 
Cervical rib 65 

Anomalous first rib 20 
Fibrocartilagenous band 8 

Clavicular fracture 

Elongated C7 transverse 1 

process 


Data compiled from five large clinical series representing 
a total of 119 patients with arterial TOS 


As a result, subtle neurological symptoms may 
also be present in this patient population [13]. 


Clinical Presentation 


The clinical presentation of arterial TOS occurs in 
four settings: (1) upper extremity claudication due 
to fixed or positional subclavian artery obstruction, 
resulting in exercise-induced arm symptoms of 
fatigue, muscle cramping, heaviness and pain; (2) 
acute or subacute upper extremity ischemia due to 
thromboembolism, resulting in pain, numbness 
and/or tingling, cold sensation, and a pale or mot- 
tled appearance in the hand and/or fingers. (This is 
often associated with sustained digital vasospasm, 
which may be complicated by fingertip ulceration 
or digital gangrene); (3) an asymptomatic pulsatile 
mass in the supraclavicular space, typically found 
in association with a cervical rib; and (4) the pres- 
ence of symptoms of neurogenic TOS in a patient 
with a cervical rib, with an incidental finding of a 
subclavian artery aneurysm identified on physical 
examination or imaging studies. Confusion can 
arise in patients presenting with symptoms that are 
primarily attributable to brachial plexus compres- 
sion (neurogenic TOS), where there is positional 
ablation of the radial pulse on arm elevation, or in 
those with secondary hand/finger vasospasm due to 
sympathetic overactivity. However, neither of these 
situations are considered to represent arterial TOS. 

Patients with arterial TOS are often young and 
healthy, and they frequently report vigorous use of 
the arm in occupational or recreational activities. 
Due to the chronic nature of the arterial injury, 
extensive collateralization has often developed. 
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As a result, the presenting symptoms may be lim- 
ited to arm claudication with exercise, especially in 
overhead positions. The symptoms may be 
described as pain, cramping, heaviness, and height- 
ened cold sensation. Unfortunately, patients often 
do not seek medical evaluation, or the serious nature 
of the condition is not appreciated, until emboliza- 
tion and ischemic complications have developed. 
These can include digital ulceration, gangrene, 
vasomotor symptoms (Raynaud’s phenomenon), 
loss of palpable pulses and paresthesias. Acute 
ischemic symptoms secondary to subclavian artery 
thrombosis, as well as embolization to the brachial, 
radial and ulnar arteries, can occur. Rare instances 
of acute stroke, secondary to retrograde emboliza- 
tion of subclvian artery thrombus to the vertebral 
circulation, have also been reported [14-18]. 


Patient Evaluation 
History 


The diagnosis of arterial TOS starts with a detailed 
history and physical examination of the neurovas- 
cular and musculoskeletal structures of the neck, 
shoulder, arms and hands, and extends to additional 
diagnostic studies. The history should include the 
patient’s occupational, athletic, and recreational 
physical activity, as well as any history of trauma. 
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A history of repetitive overhead activity at work 
(e.g., electricians, baseball players), carrying of 
heavy objects on the shoulder or in the hand (e.g., 
backpacks, brief cases), or any prolonged posture 
(e.g., sitting, typing) should be documented. The 
timing, location, distribution, character and inten- 
sity of pain, as well as any exacerbating and allevi- 
ating factors, should be noted. Aggravation of 
symptoms with the upper extremity in the elevated 
position is often reported. Paresthesias attributable 
to the lower brachial plexus (C8 and T1) may also 
be present in patients with arterial TOS. 


Physical Examination 


The physical examination begins with inspec- 
tion of the hands for evidence of cyanosis, ery- 
thema, discoloration, ulceration, and gangrene, 
as well as thenar or hypothenar muscle atrophy 
(Fig. 78.1). Next, palpation of bilateral carotid, 
brachial, radial and ulnar pulses should be per- 
formed. A decrease or absence of the distal 
pulses is not uncommon if significant embo- 
lization has already occurred. A palpable, bony 
prominence in the supraclavicular fossa often 
represents a cervical rib, and a palpable pulsa- 
tion in the same area may represent a subcla- 
vian artery aneurysm. Point tenderness over 
the scalene triangle may be present if 





Fig. 78.1 Digital emboli in arterial TOS. Photographs illustrating three examples of patients that presented with digital 
emboli and were found to have arterial TOS 
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a neurogenic component of TOS is present. 
Auscultation over the supraclaviacular and 
infraclavicular spaces should be performed at 
rest and during arm abduction. Bruits may be 
most noticeable when the arm is moving from 
a resting position into full abduction and exter- 
nal rotation, but will disappear once the pulse 
is completely obliterated. A thorough neuro- 
logical examination, including sensory, motor 
and reflex testing, is essential. Muscle weak- 
ness or atrophy should be noted. Blood pres- 
sure measurements should be obtained in 
bilateral upper extremities, with the pressure 
in the affected extremity expected to be approx- 
imately 30 mmHg lower than the unaffected 
extremity in the presence of a subclavian artery 
occlusion. 


Provocative Testing 


Although provocative tests have a relatively low 
sensitivity and specificity (approximately 72 and 
53 %, respectively), the reproduction of symp- 
toms during certain maneuvers may help support 
the diagnosis of arterial TOS [19, 20]. 
Furthermore, it is important to note that the false 
positive rate of more than one provocative maneu- 
ver in the asymptomatic patients is 56 % [21]. 
Regardless, the clinician who evaluates patients 
with arterial TOS should be aware that no single 
physical examination maneuver can unequivo- 
cally establish the presence or absence of the 
condition. 

The Adson’s test is considered positive if 
obliteration or diminution of the radial pulse is 
noted after “having the patient take a long 
breath, elevate his chin and turn it to the affected 
side” [22]. The Roos, or elevated arm stress test 
(EAST), is performed by having the patient 
abduct and externally rotate both arms in a 90° 
angle while rapidly flexing and extending the 
fingers. Reproduction of symptoms within 
20 seconds is considered a positive test [23]. 
The Wright’s test is positive when a decrease in 
the radial pulse or reproduction of symptoms is 
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noted with hyperabduction of the pectoralis 
minor (axillary interval) [24, 25]. The patient 
sits in a comfortable position with the head for- 
ward, while the arm is passively brought into 
abduction and external rotation to 90° without 
tilting the head or flexing the elbow more than 
45°. Finally, the costoclavicular maneuver is 
performed with the patient in a sitting position. 
The examiner assists the patient in performing 
scapular retraction, depression, elevation, and 
protraction, each for 30 seconds. The patient is 
monitored for changes in the pulse or reproduc- 
tion of symptoms [25, 26]. Patients with arte- 
rial TOS often have more than one positive 
provocative test, and in the presence of nega- 
tive test results, other clinical diagnosis should 
be considered. 


Imaging Studies 


Once the diagnosis of arterial TOS is sus- 
pected based on history and physical examina- 
tion, additional adjunctive studies are required 
for confirmation. Plain chest x-rays are per- 
formed to evaluate for a cervical rib or other 
bony abnormalities (Fig. 78.2). Duplex ultra- 
sound can visualize a subclavian artery aneu- 
rysm, and segmental pressure testing with 
digital waveforms can be conducted at base- 
line and with provocative maneuvers. Reduced 
arterial pulse waveforms can be seen at rest, or 
during the performance of various positional 
maneuvers, secondary to embolization or arte- 
rial compression. Either computed tomogra- 
phy, magnetic resonance imaging or 
catheter-based angiography is performed to 
assess the location and extent of arterial 
pathology (Fig. 78.3). These tests need to be 
performed both at rest and with the arm in 
overhead position. Laboratory diagnostic stud- 
ies are used to rule out other systemic condi- 
tions (e.g.,  hypercoagulable disorders, 
connective tissue disease, and vasculitis) that 
can mimic arterial TOS. 
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Fig. 78.2 Radiographic imaging in arterial TOS. Imaging 
studies in a young man who presented with left-sided 
digital emboli and ischemic hand symptoms. (a) Anterior- 
posterior chest x-ray demonstrating bilateral cervical ribs 
(arrows). (b) Magnified view of the chest x-ray, illustrat- 
ing cervical rib on the symptomatic left side (arrow). (¢c) 
Catheter-based left subclavian arteriogram, demonstrating 
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relatively mild poststenotic dilatation of the subclavian 
artery with a focal area of ulceration on the inferior aspect 
of the artery (arrow). This area of ulceration was associ- 
ated with mural thrombus at the time of thoracic outlet 


decompression and subclavian aneurysm repair, 
confirming it as the source of distal emboli 





Fig. 78.3 Subclavian artery aneurysm. Photographs of a 
young man with left hand ischemia and a left-sided cervi- 
cal rib. (a) Preoperative arteriogram demonstrating a sub- 
clavian artery aneurysm with minimal surface irregularity 
(arrow). (b) Operative exposure from the left side, dem- 
onstrating the site of arterial compression between the 


anterior scalene muscle, first rib, and cervical rib, and a 
moderate-sized subclavian artery aneurysm (arrows). (¢) 
Opened surgical specimen of the excised subclavian artery 
aneurysm, demonstrating a focal area of mural thrombus 
within the site of ulceration (arrow), which served as the 
source of distal emboli 
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Management of Digital Emboli, 79 
Vasospasm, and Ischemia in ATOS 


Robert W. Thompson 


Abstract 

Unilateral digital ischemia is one of the most common presenting prob- 
lems in patients with arterial TOS, leading to numbness, tingling, cold and 
painful sensations, cyanotic or pale discoloration, delayed capillary refill 
in the fingers, and non-healing fingertip ulceration. Diagnostic evaluation 
requires differentiation between proximal and distal arterial sources of 
thromboembolism, localized digital artery occlusion, and primary vasos- 
pasm. Digital emboli typically accompany arterial TOS as a result of mural 
thrombus formed within an area of aneurysmal degeneration in the subcla- 
vian (or axillary) arteries. While there are a variety of medical treatments 
to help reduce local symptoms of digital ischemia and vasospasm, definitive 
management depends on surgical control of the proximal source of throm- 
boembolism. Additional interventions, such as thromboembolectomy and 
intra-arterial infusion of thrombolytic agents and/or vasodilators, are valu- 
able adjuncts toward achieving optimal outcomes. 


Clinical Presentation 


Unilateral digital ischemia is one of the most 
common presenting problems in patients with 
arterial TOS [1, 2]. The principal symptoms 
include numbness, tingling, cold and painful sen- 
sations, cyanotic or pale discoloration, and 
delayed capillary refill in the fingers. Non-healing 
fingertip ulceration may be present, particularly 
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Fig. 79.1 Digital ulceration due to arterial emboli. 
Patient presenting with non-healing fingertip ulcerations 
in the right hand (a). Arteriography demonstrated digital 
artery occlusions due to emboli from a proximal source 
(b), and revealed a proximal brachial artery occlusion (c, 
double arrows) and a subclavian artery aneurysm (ce, 
arrows). A right cervical rib was also present. Following 


normal radial and ulnar pulses if the site of arterial 
obstruction is solely within the vessels of the 
hand, which can occur with digital artery embo- 
lism from a more proximal site or with digital 
artery thrombosis secondary to local trauma. 
Digital ischemia usually coexists with and is exac- 
erbated by local vasospasm and cold intolerance. 
In some circumstances, primary vasospasm can 
also result in digital ischemia in the absence of 
arterial thrombosis or embolism. The potential 
causes of digital ischemia are summarized in 
Table 79.1. 


thoracic outlet decompression with resection of the cervi- 
cal and first ribs, the subclavian aneurysm was excised 
and the subclavian artery repaired with an interposition 
bypass graft. The surgical specimen demonstrated intimal 
thickening (d, white arrow) and a deep intimal ulcer filled 
with chronic thrombus as the source of distal emboli (d, 
black arrow) 


Diagnosis 


The diagnostic evaluation of digital ischemia 
requires differentiation between proximal and 
distal arterial sources of thromboembolism, local- 
ized digital artery occlusion, and primary vasos- 
pasm [3]. Upper extremity embolism arising from 
the heart usually leads to occlusion of the axillary 
or brachial arteries by a relatively large throm- 
bus, and can be effectively evaluated by echocar- 
diography and Duplex ultrasound studies of the 
upper extremity. In most cases of distal embolism 
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Table 79.1 Differential diagnosis of digital ischemia 


Thromboembolism from a cardiac source 


Arrhythmia, valvular disease, septal defect 
(paradoxical) 


Thromboembolism from a proximal arterial source 


Aorta: endothelial erosion, ulceration, or penetrating 
ulcer 


Subclavian or axillary arteries: aneurysm, occlusion, 
stenosis or ulceration 


Thromboembolism from a distal arterial source 
Brachial, radial or ulnar arteries: local trauma 
Palmar arteries: hypothenar hammer syndrome 

Systemic diseases associated with vasculitis 


Scleroderma, rheumatoid arthritis, polyarteritis 
nodosa, takayasu’s, beurger’s disease 


Local vascular diseases 


Hemangioma, arteriovenous malformation, glomus 
tumor, synovitis 


Primary digital artery thrombosis 
Local repetitive trauma 
Primary vasospasm 


Raynaud’s disease, cold exposure, tobacco use, 
cocaine 


in a young, otherwise healthy individual, an arte- 
rial source must be considered. Although vascu- 
lar laboratory studies may increase suspicion of 
an arterial lesion, this is best evaluated by cathe- 
ter-based (transfemoral) selective arteriography, 
with positional views of the neck and upper arm 
and high-resolution views of the hand (Fig. 79.2). 
This may also be accomplished in some settings 
with contrast-enhanced computed tomography 
(CT) or magnetic resonance imaging (MRI), but 
catheter-based arteriography remains the most 
accurate and definitive approach. 

If a proximal arterial source of embolism can- 
not be identified, primary digital artery thrombo- 
sis and/or vasospasm is suspected. Digital artery 
thrombosis can be caused by localized repetitive 
trauma, such as that occasionally seen in baseball 
players secondary to pressure exerted on a specific 
site in the index or middle finger when gripping 
or throwing the ball. Another arterial lesion local- 
ized within the hand is the “hypothenar hammer” 
syndrome, where degeneration of the distal ulnar 
artery as it crosses the hamate bone is caused by 
chronic repetitive trauma to the base of the hand, 
resulting in thromboembolism to the digital arter- 
ies. Finally, primary digital artery spasm (in the 





absence of embolism or thrombosis) may be the 
result of localized injury in combination with 
sustained cold exposure and/or use of tobacco, 
cocaine or other vasoconstrictive agents. 

Digital emboli typically accompany arterial 
TOS as a result of aneurysmal degeneration in 
the subclavian or axillary arteries (Figs. 79.1, 
79.2, and 79.3) [4-7]. Mural thrombus formed 
within an aneurysm in these locations is particu- 
larly prone to embolize to distal vessels, since the 
axillary and subclavian arteries are subject to a 
great deal of motion during the course of normal 
daily upper extremity activity, and because arte- 
rial TOS is usually associated with cervical ribs 
or other bony anomalies [8]. Embolic occlusion 
may occur in the distal brachial, radial or ulnar 
arteries, or may be confined to the small digital 
vessels. 


Treatment 


A variety of medical treatment options have been 
described for the initial treatment of digital isch- 
emia and vasospasm (Table 79.2) [3]. While these 
measures may help reduce local symptoms, 
definitive management depends on identifying the 
underlying cause and surgical treatment for any 
proximal and/or distal arterial lesion. In many cases 
ongoing medical treatment for digital ischemia is 
also required despite satisfactory surgical control 
of the proximal source of thromboembolism, such 
as a subclavian artery aneurysm. This may include 
interventions such as thromboembolectomy and 
intra-arterial infusion of thrombolytic agents and/ 
or vasodilators, either at the time of the principal 
operation or as secondary procedures performed 
during the follow-up period. Cervical sympathetic 
(stellate ganglion) blockade with local anesthetic is 
a useful adjunct in differentiating persistent digital 
vasospasm that may be responsive to vasodilator 
treatment. If sympathetic blockade provides effec- 
tive but only short-duration relief of finger and 
hand symptoms, surgical approaches to cervical 
sympathectomy or digital artery sympathectomy 
can also be considered. While cervical sympathec- 
tomy can be readily performed in conjunction with 
primary thoracic outlet decompression procedures, 
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Fig. 79.2 Subclavian artery aneurysm causing digital 
ischemia. Patient presenting with right hand ischemia, 
with an upper extremity arteriogram demonstrating a sub- 
clavian artery aneurysm, thromboembolic occlusion of 
the distal brachial artery, and multiple embolic digital 
artery occlusions (a). Magnified arteriographic views of 
the affected right hand (b) and normal left hand (c) illus- 
trate the differences in perfusion that led to ischemic 
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fingertip lesions in the right hand (d). A brachial artery 
thromboembolectomy and patch angioplasty repair was 
initially performed (e), followed several days later by tho- 
racic outlet decompression with resection of the cervical 
and first ribs (f). The subclavian artery aneurysm (g) was 
excised, with the specimen demonstrating intimal ulcer- 
ation with thrombus (h), and an interposition arterial graft 
repair was performed (i) 
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Fig. 79.3 Upper extremity thromboembolism caused by 
axillary artery branch vessel aneurysms. (a—b) An other- 
wise healthy overhead throwing athlete presented with 
digital ischemia. Arteriography demonstrated occlusion of 
a right posterior circumflex humeral artery aneurysm (a, 
arrow) and multiple emboli to the interosseus and ulnar 
arteries (b, arrows). (e-f) Professional baseball pitcher pre- 
senting with digital ischemia in the throwing hand. 


Arteriography demonstrated occlusion of a right posterior 
circumflex humeral artery aneurysm (c, arrow), with 
embolic occlusion of the radial and ulnar arteries in the 
hand (d, arrows). Operative exploration demonstrated a 
branch vessel aneurysm (e, white arrow), which was ligated 
and excised. The operative specimen revealed thrombus 
within the occluded aneurysmal lesion (f) (Adapted from 
Duwayri et al. [7]. With permission from Elsevier) 
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Table 79.2 Medical management of digital ischemia 


Environmental measures 


Eliminate tobacco exposure; avoid cold exposure; 
limit arm activity 
Anticoagulation 


Intravenous heparin (Dose adjusted to PTT >2.5 
normal) 


Subcutaneous heparin (e.g., lovenox 1 ug/kg sc BID) 
Warfarin (Dose adjusted to INR>2.0) 
Antiplatelet agents 

Aspirin (325 mg po QD); clopidogrel (75 mg po BID) 
Vasodilators 

Calcium channel blockers (e.g., nifedipine 10 mg po 
QID) 

ACE inhibitors (e.g., enalapril 5-10 mg po QD) 

Angiotensin receptor blockers (e.g., losartan 
25-50 mg po QD) 

Nitrates (e.g., Topical nitropaste, sublingual TNG 
prn; isordil 5-10 mg po QD-BID) 

Phosphodiesterase-5 inhibitors (e.g., viagra 
25 mg po QD) 

Pentoxiphylline (e.g., trental 400 mg po TID) 
Interventions 

Intra-arterial thrombolytic infusions (e.g., TPA) 

Intra-arterial vasodilator infusions 
(e.g., papaverine, PGE) 

Cervical sympathetic (Stellate ganglion) blocks 
Abbreviations: ACE angiotensin converting enzyme, INR 
international normalized ratio, PGE prostaglandin E, PTT 
partial thromboplastin time, TNG trinitroglycerine, TPA 
tissue plasminogen activator 


it is particularly effective when performed as an 
independent operation using minimally invasive 
video-assisted thoracoscopic surgery (VATS) 
approaches [9]. The general outcomes of treatment 
for patients with digital ischemia and vasospasm 
are difficult to estimate, since they are largely 
dependent on the specific cause, extent, and dura- 
tion of thrombosis, in addition to the specific forms 
of treatment used. 





Intraoperative Administration of 
Thrombolytic and Vasodilator Agents 


For patients with arterial TOS and pronounced 
digital ischemia that have undergone surgical 
treatment for the embolic source, intraoperative 
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infusion of vasodilator agents, such as prosta- 
glandin E (PGE) may be an effective means to 
improve arterial supply to the hand and digits. 
This approach may also be effective when per- 
formed as an independent procedure during fol- 
low-up. Initially introduced in our institution by 
Dr. Juan Parodi, we perform these procedures 
with intra-arterial access under general anesthe- 
sia, due to a substantial amount of pain that can 
accompany pharmacological vasodilatation in 
ischemic tissues. 

Percutaneous access to the femoral artery is 
obtained with a small-caliber angiographic sheath 
and a guidewire is passed into the aorta under 
fluoroscopic guidance. An arch arteriogram is 
performed to guide selective placement of the 
catheter into the distal brachial artery, and high- 
resolution arteriographic images are obtained of 
the hand and digits. Intraoperative arterial infu- 
sion is performed with approximately 500 mL of 
saline containing PGE (1 wg/mL). Arterial pres- 
sure is closely monitored through the femoral 
artery sheath and the infusion rate is adjusted to 
maintain mean blood pressure above 60 mmHg. 
During PGE infusion there will be obvious vaso- 
dilatation in the skin of the forearm and hand, 
usually with a sharp demarcation just distal to the 
site of the infusion catheter. Vasodilator infusion 
is typically followed by intraarterial infusion of a 
thrombolytic agent, such as 2 mL saline contain- 
ing 1 mg/mL tissue plasminogen activator (TPA). 
Following this, infusion of the vasodilator PGE 
and the thrombolytic agent TPA are alternated 
over a period of approximately 45 min, to achieve 
a total of 500 ug PGE and 4-6 mg TPA. Repeat 
arteriography is performed at the end of the 
procedure to demonstrate if there is improved 
perfusion of the hand and digital arteries, but 
occlusive lesions of the digital vessels are typi- 
cally unchanged. Nonetheless, most patients 
exhibit a marked improvement, with the hand and 
fingers appeared warm, pink and well-perfused, 
with brisk capillary refill. Intra-arterial infusion 
of vasodilator and thrombolytic agents may be 
repeated several times over a period of 1-2 
months, in an effort to obtain maximal and long- 
lasting improvement. 
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Gregory J. Pearl 


Abstract 

Arterial complications of thoracic outlet syndrome are secondary to repet- 
itive compressive trauma to the subclavian artery. ATOS is typically asso- 
ciated with anomalous bony structures such as a cervical rib, anomalous 
first rib, or callous and angulation of the clavicle due to previous fracture. 
Fibrocartilaginous bands may also cause arterial compression. Arterial 
manifestations that develop secondary to post traumatic subclavian arterial 
pathology in the athlete are also most commonly seen in those competitive 
individuals possessing underlying bony abnormalities in the outlet. 
However, awareness and recognition of potential arterial abnormalities 
other than the subclavian artery is paramount in the thorough evaluation 
and appropriate treatment of arterial manifestations in the high perfor- 
mance athlete. 


Introduction 


Arterial complications of thoracic outlet syn- 
drome are secondary to repetitive compressive 
trauma to the subclavian artery. ATOS is typi- 
cally associated with anomalous bony structures 
such as a cervical rib, anomalous first rib, or cal- 
lous and angulation of the clavicle due to previ- 
ous fracture. Fibrocartilaginous bands may also 
cause arterial compression. Arterial manifesta- 
tions that develop secondary to post traumatic 
subclavian arterial pathology in the athlete are 
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also most commonly seen in those competitive 
individuals possessing underlying bony abnor- 
malities in the outlet. However, awareness and 
recognition of potential arterial abnormalities 
other than the subclavian artery is paramount in 
the thorough evaluation and appropriate treat- 
ment of arterial manifestations in the high perfor- 
mance athlete. 


Signs and Symptoms 


Although arterial TOS is the least common type 
of thoracic outlet syndrome, the ischemic com- 
plications caused by the arterial thrombosis or 
thromboembolization pose the potentially most 
serious sequelae for the athlete. The most com- 
mon manifestation of ATOS is hand or digital 
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Fig. 80.1 Cross sectional 
duplex image of subclavian 
artery aneurysm with 
endoluminal loosely attached 
mural thrombus 


L 1.23 cm) 
L 1.48 cm 


ischemia secondary to thromboembolization 
from endoluminal damage or aneurysmal change 
in the subclavian artery [1]. This presentation 
may be quite obvious with ischemic skin changes 
such as digital ulceration, or may be more subtle 
such as the development of ipsilateral Raynaud’s 
syndrome or complaints of arm “claudication”. 
The high performance athlete, especially baseball 
pitchers, may complain of coolness, color 
changes, or digital or hand pain that is exacer- 
bated with throwing, especially if playing in cool 
weather. The development of painful and sensi- 
tive “calluses” on their throwing hand, which 
actually represents ischemic digital ulceration, is 
a common finding. One professional baseball 
pitcher complained to the author that his fingertips 
felt as though they had been “sanded with 
sandpaper’. 

Clinical findings on exam may include a pal- 
pable pulsatile supraclavicular mass, palpable 
cervical rib, and/or evidence of micro-embolization 
to the hand and digits (manifest as tender skin 
ulceration at the tips of the fingers or splinter 
hemorrhages). Examination may reveal dimin- 
ished or absent ipsilateral upper extremity pulses 
in the resting position with thrombotic occlusion 
of the axillary or subclavian artery, or pulses may 
be readily palpable in the extremity in the setting 
of micro-embolization. As in most TOS patients, 
provocative maneuvers to demonstrate arterial 
compression are non-specific and probably 
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superfluous, particularly if an arterial complica- 
tion has already occurred. Duplex ultrasound 
may be performed in the office and is useful in 
interrogating the subclavian and axillary arteries 
to evaluate for aneurysmal change, endoluminal 
irregularities or thrombosis (Fig. 80.1). The bra- 
chial, radial, and ulnar arteries and palmar arch 
may also be surveyed with duplex ultrasound for 
thromboemboli or occlusion in the assessment of 
the upper extremity runoff vessels [2] (Fig. 80.2). 
Digital plethysmography is useful in demonstrat- 
ing diminished digital perfusion seen with micro- 
embolization. CT angiography may be performed 
and is very accurate in demonstrating exact area 
of arterial compression, arterial occlusion or 
aneurysmal formation, but catheter based angiog- 
raphy may still be required to best define and 
delineate the occlusive pattern in the hand 
(Fig. 80.3). Arteriography may also be required 
to identify an occult aneurysm of the posterior 
circumflex humeral or subscapular arteries. 

In contrast to the “non-athlete” presenting 
with upper extremity ischemia, differential diag- 
nosis of the source of these symptoms in the 
competitive athlete includes several unusual enti- 
ties and relates primarily to localization of the 
arterial region responsible for the thrombo-em- 
boli. (Table 80.1) As mentioned previously, 
source lesions may be located in the subclavian 
artery at the thoracic outlet, at the axillary artery 
in the sub-pectoral space or at the level of the 
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Fig. 80.2 (a) Long axis duplex image demonstrating complete occlusion of distal ulnar artery with collateralization. 
(b) Long axis duplex image of brachial artery with nonocclusive organized thrombus 


humeral head, or in the posterior circumflex 
humeral artery aneurysm in the quadrilateral 
space. In baseball catchers, no proximal source 
lesion may be present and hand ischemia in this 
group may simply be secondary to occlusion 
from direct repetitive trauma to the palmar and 
digital branches in the hand itself. 


Treatment 


There is no role for conservative therapy in ATOS, 
especially in the competitive athlete whose goal 
is not only resolution of their symptoms, but, just 
as importantly, to get back to full athletic activi- 
ties at a high level of performance (1.e., often 
return to work). The tenets of surgical treatment 
include relief of the arterial compression, correc- 
tion of the source of thromboembolization, and 
restoration of digital perfusion. The requisite pro- 
cedure will depend on the site of the arterial 
source of the lesion and associated compression, 
the severity of the attendant arterial damage, and 
the extent and location of the distal thrombo- 
embolization. 

In the athlete with ATOS, decompression of 
the subclavian artery involves, at the very least, 
a thorough anterior and middle scalenectomy. In 
the presence of obvious bony abnormalities, all 
areas of demonstrable compression should be 
addressed. These would include resection of cer- 
vical or anomalous first ribs and/or division and 
excision of any fibrocartilaginous bands in 
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Fig. 80.3 Mag view of right hand from selective upper 
extremity arteriogram revealing radial and ulnar artery 
occlusions, occluded palmar arch, and multiple digital 
arterial occlusions 


addition to scalenectomy. In the athlete with 
ATOS, our practice is to routinely perform first 
rib resection in the absence of obvious bony or 
fibrocartilaginous abnormalities, as we do not 
feel that scalenectomy alone offers adequate 
decompression of the outlet in these very active 
individuals. Leaving the first rib intact serves as a 
potential point for adhesions of the neurovascular 
structures and consequent persistence or recur- 
rence of symptoms. Resection of the first rib also 
facilitates operative exposure for any necessary 
arterial reconstruction performed at the time of 
the decompression. 
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Our preference for decompression of the outlet 
is a supraclavicular or para-clavicular approach 
[3]. We feel that this approach offers the best 
exposure for thorough decompression as well as 
for concomitant arterial reconstruction. If a sub- 
clavian aneurysm is identified as the proximal 
source of thromboembolization to the extrem- 
ity, aneurysm resection and reconstruction with 
interpositioning grafting should be performed. 
Lesser degrees of subclavian arterial injury with 
non-aneurysmal changes may be repaired with 
thrombo endarterectomy and patch angioplasty. 
Minimal arterial changes with no demonstrable 
residual thrombosis or evidence of intimal dis- 
ruption may be treated conservatively in certain 
select cases with the expectation for remodel- 
ing and healing of the arterial changes follow- 
ing decompression. Distal revascularization 
may be accomplished with arterial thrombolysis 


Table 80.1 Differential diagnosis of ATOS in athletes 


Subclavian artery aneurysm 
Subclavian artery endoluminal injury with thrombus 
Axillary artery thrombosis 
Axillary branch artery aneurysm 
Posterior circumflex humeral artery 
Anterior circumflex humeral artery 
Subscapular artery 
Traumatic palmar and digital artery occlusion 


Fig. 80.4 Duplex image of 
posterior circumflex humeral 
artery aneurysm with mural 
thrombus in professional 
baseball pitcher who 
presented with subacute 
digital ischemia 


G.J. Pearl 


prior to the open decompression or with open 
thromboembolectomy performed concomitantly 
with the outlet decompression through an antecu- 
bital trans-brachial approach. 

Repetitive compressive injury to arteries out- 
side the thoracic outlet also occurs in the com- 
petitive athlete [4]. Awareness and recognition of 
these sites as potential sites of thromboemboli is 
paramount, particularly in the absence of appar- 
ent subclavian arterial pathology. The humeral 
head, pectoralis minor muscle, and other muscle 
groups around the shoulder are hytrophied in the 
throwing athlete. These overdeveloped structures 
cause compression, and, when combined with 
traction and rotational forces placed on the arter- 
ies around the shoulder with the repetitive motion 
of throwing, intimal injury with thrombosis or 
embolization or medial and adventitial disruption 
and consequent aneurysm formation can occur. 
Aneurysms of the posterior circumflex humeral 
artery and, less commonly, the anterior circumflex 
humeral artery and subscapular arteries leading 
to embolization and hand ischemia are well rec- 
ognized. (Fig. 80.4) Thrombus develops within 
these aneurysms and is extruded and propelled 
into the axillary artery and embolizes into the dis- 
tal circulation. Subluxation of the humeral head 
that occurs with forceful throwing motion may 
cause repetitive trauma and compression to the 
axillary artery leading to thrombosis, as described 
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by Rohrer and colleagues [5]. Treatment for these 
arterial injuries depends on location and extent of 
injuries and may include circumflex humeral 
aneurysm ligation or coiling or resection and 
interposition grafting of the axillary artery [6]. 
Decompression of the subpectoral space may be 
required with pectoralis minor tenotomy in cer- 
tain select cases. 


Summary 


Diagnosis and treatment of ATOS in the com- 
petitive athlete poses specific circumstances not 
typically encountered in the general population. 
In addition to recognition of injury to the subcla- 
vian artery, recognition that other potential sites 
of arterial injury outside of the thoracic outlet 
may serve as a source of distal thromboembo- 
lization is necessary. Injury at these other arterial 
sites is exceedingly rare in the absence of strenu- 
ous repetitive activity with the arm, but is well 
recognized in the competitive athlete for this rea- 
son. The expectations of the high performance 
athlete typically far exceed those of the general 
TOS population. As a group, they expect not just 
correction and resolution of their ischemic symp- 
toms but also anticipate a return to full athletic 
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activity at a high level in a relatively short period 
of time (and may depend on this activity for 
income). With proper diagnosis and treatment, 
including the help of experienced trainers or 
sports medicine specialists for supervision of the 
rehabilitation program, the expectations of this 
generally young, healthy, highly motivated group 
of individuals may be readily met. 
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Bony Abnormalities 


Carlos A. Selmonosky and Poblete Raul Silva 


Abstract 


The presence of bony abnormalities in the thoracic outlet, most commonly 
abnormalities of the transverse process of the seventh cervical vertebra, 
cervical ribs, and abnormalities of the first thoracic ribs, are often respon- 
sible for vascular and neurological complications in patients with a diag- 
nosis of thoracic outlet syndrome (TOS). The diagnosis of TOS should be 
considered if one or more of these bony abnormalities are found in a 
patient complaining of paresthesias and or pain anywhere in the upper 
extremities, neck and/or shoulder pain, or noncoronary chest pain. Early 
diagnosis can prevent vascular and neurological complications. 


Introduction 


Congenital bony abnormalities, while not com- 

mon, are not infrequently seen on radiographic 

examination of asymptomatic persons, and are 

especially common in patients with arterial tho- 

racic outlet syndrome (ATOS). These abnormali- 

ties are, in order of incidence (Table 81.1): 

1. Anomalies of the transverse process of the 
seventh cervical vertebra, 

2. Cervical ribs, and 

3. Anomalies of the first rib. 





C.A. Selmonosky, MD (><) 

Department of Medicine, Inova Fairfax Hospital, 
3784 B Madison Lane, Falls Church, VA 22041, USA 
e-mail: renee.sinkez @ inova.org 

PR. Silva, MD 

Equipo de Cirugia Vascular, Depto Cirugia, 

Hospital Militar de Santiago, 

Av. Larrain 9100, Santiago 6680481, Chile 

e-mail: raulps @ vtr.net 


K.A. Illig et al. (eds.), Thoracic Outlet Syndrome, 


These should all be fairly easy to recognize 
with minimal practice in plain chest and cervi- 
cal spine radiographs (Fig. 81.1) and the radi- 
ologist should report these anomalies with a 
full description, if present. While such abnor- 
malities can certainly exist in patients without 
demonstrable problems, their presence in a 
patient complaining of paresthesias and/or pain 
in the upper extremity, pain in the neck or 
shoulder, or noncoronary chest pain should 
strongly suggest that TOS is the cause of these 
symptoms 


Evaluation and Management 


The physical examination in a patient with 
potential TOS should include inspection of the 
supraclavicular area for bony firmness, a pulsa- 
tile mass, and/or a bruit. Rarely, a supraclavicu- 
lar fullness or mass is present (Fig. 81.2), which 
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if fixed, bony, solid and sometimes tender may 
represent a cervical or abnormal rib. Such 
abnormalities are more common in females. 


Table 81.1 Bony abnormalities in TOS 


Congenital and acquired anomalies responsible 


for neurovascular compression at the thoracic outlet 
Bones Description 
Abnormal transverse 

process of the seventh 


cervical vertebra 


Elongated, enlarged, 
deformed 

Origin of a band attached to 
the first rib (Ross ID 
Cervical rib Complete, incomplete 
Fused with a pseudo-arthro- 
sis to the first rib 

Origin of a band inserting in 
the first rib (Ross I) 
Hypoplastic, abnormal 
shape and position 

Joint with first rib with a 
psudo-arthrosis 


Abnormal first rib 


Fracture, tumors (rare) 
Clavicle Abnormal shape and length, 
fractures, tumors 
Other anatomical structures 
Congenital or acquired abnormalities of the scalenus 
and subclavius muscles, brachial plexus, subclavian 
artery and vein, vertebral artery 





Fig. 81.1 Chest radiograph showing an abnormal trans- 
verse process of the seventh cervical vertebra on the right 
(short arrow) and short cervical rib with articulation with 
the spine on the left (long arrow) 
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Proper diagnosis requires radiological studies, 
including computerized tomographic (CT) 
examination if plain films are not diagnostic. 
Occasionally a fracture with excessive callus 
[1] or malunion of the clavicle [2] can compress 
the neurovascular bundle and present in a simi- 
lar fashion. 

The presence of such a bony abnormality is 
not in and of itself an indication for surgery [3], 
as most are asymptomatic. Reported prevalences 
vary according to the population studied, the 
methods used to perform the study, the definition 
of a “bony abnormality,” and the degree to which 
such problems are looked for, factors that together 
account for the wide variability in reported rates. 
In patients undergoing thoracic outlet decom- 
pression, such findings are obviously common, 
and are most common in patients with arterial 
TOS (ATOS). Makhoul [4] found an incidence of 
8.5 % of cervical and abnormal first ribs in 200 
patients undergoing thoracic outlet decompres- 
sion. Bilbey [5] found that a bony abnormality 
was present in 18 of 27 patients (81.5 %) with a 
diagnosis of TOS, while only two of 21 asymp- 
tomatic subjects (9.5 %) undergoing similar 
radiological examinations had a similar abnor- 
mality. Redembach [6] found bony abnormalities 
in 46 % of 250 cadaver dissections; and in 72 
patients with surgically treated TOS the same 
authors found bony abnormalities in 83 % of their 
patients. By contrast, such bony abnormalities 
are only present in 0.5—2.94 % [7, 8] of the gen- 
eral population when radiographs performed for 
other reasons are examined. If these bony abnor- 
malities are not present in patients with a clinical 
diagnosis of TOS, a CT of the cervical spine will 
frequently show abnormalities of the transverse 
process of the seventh cervical vertebra not seen 
in plain radiographs. 

The embryologic basis for and interdepen- 
dence of the various anomalies occurring in the 
thoracic outlet are discussed in Chaps. 2 and 13 
and are further reviewed in Keating [9] and While 
[10]. Cervical ribs and abnormal C7 transverse 
processes have a familial inheritance pattern 
[11-13]. Interestingly, cervical ribs are associ- 
ated with sacralization of the lumbar spine [14], 
and a high prevalence of cervical ribs has been 
found in children with cancer [15]. 
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Fig. 81.2 Supraclavicular 
mass (arrows) in a patient 
with a bony abnormality 


~ 
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Anomalies of the Transverse Process 
of the Seventh Cervical Vertebra 


Common anomalies of the C7 transverse process 
include elongation, enlargement, and deformity, 
the latter with a shape of a beaking tip pointing 
downward (Fig. 81.3, which also illustrates the dif- 
ference between a prominent C7 transverse 
process(left side) and a true cervical rib (right 
side)). What exactly constitutes an abnormal C7 
transverse process is not clear and has been the sub- 
ject of several reports. Dominguez [16] studied 
3,228 chest and spine radiographs in 6,456 thoracic 
outlet areas and found that the normal C7 trans- 
verse process measures 28 mm in females and 
29.5 mm in males. Brantigan and Roos [17] define 
the C7 transverse process as abnormal if it extends 
beyond a line connecting the tips of C6 and T1. 
Hare [18] found wide variation in length and shape, 
with processes ranging from 5 mm short of to 8 mm 
beyond this line. In agreement with Gillatt [19], 
Hare stated that the shape appears to be a better 
guide to define an abnormal C7 transverse process, 
with an apohysomegaly and/or a sharp tip pointing 
downward being abnormal. Hare also found that 
pathologic C7 transverse processes were frequently 
present on the asymptomatic contralateral side. 
The incidence of an abnormal C7 transverse 
process in radiologic studies in the general popu- 
lation is varied. Brewin [8] found an incidence 
of 2.2 % in a London population, Pioner [20], 
1.84 % in a general population, and Palma [21], 
4.98 % in an isolated Italian village where other 
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Abnormal 
transverse 
process 


Cervical rib 


Fig. 81.3 Diagram of an abnormal transverse process 
(patient’s left side) and cervical rib (patient’s right). 
(Courtesy of Dave Klemm, Georgetown University School 
of Medicine.) 


factors may have influence the incidence. By 
contrast, Redenbach [6] found 24 abnormal trans- 
verse processes in 500 thoracic outlet dissections 
in 250 cadaver specimens yielding an incidence of 
9.1 %, although “abnormal” was simply defined 
as a C7 transverse process longer than that of T1. 

Patients with TOS in general (and probably 
even more so with ATOS) are thought to have a 
higher incidence of bony abnormalities, cervical 
ribs being best studied. Bilbey [5] found that 66 % 
of patients with a diagnosis of TOS but no obvious 
bony abnormalities had an abnormally elongated 
C7 transverse process when evaluated by CT. 
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Cervical rib 


Band I from 
cervical rib 


Abnormal first rib 
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Elongated 
transverse 
process of C7 


Band II from 
transverse 
process 








First rib 






Fig. 81.4 Diagram of an abnormal seventh cervical ver- abnormal right first rib with tight, “J-shaped” curve 
tebral process on the left with a Roos Type 2 band, and (Courtesy of Dave Klemm, Georgetown University School 
cervical rib on the right with a Roos Type | band. Note the — of Medicine.) 


Table 81.2 Roos’ classification of congenital fibromuscular bands at the thoracic outlet: roos’s bands 


Type Origin 


1 Tip of incomplete cervical rib 

2 Tip of abnormal transverse process 
of seventh cervical vertebra 

3 Fibromuscular band neck of first rib 

4 Large middle scalenus muscle transverse 
process 1-5 cervical vertebra 

5 Scalenus minimum muscle transverse 
process 6-7 cervical vertebra 

6 Scalenus minimum muscle transverse 
process 6-7 cervical vertebra 

7 Long fibromuscular band from the lower 
part of the middle scalenus muscle 

8 Fibromuscular band arising from the 
anterior scalene muscle 

9 Sharp-edged fribro-muscular band 

10 A double fibrous band forms over the 


cupola of the lung 


Posterior limb arises from the cervical 
rib or neck of the first rib 


Based on data from Brantigan and Roos [17] 


Insertion 
First rib 
First rib 


Behind scalene tubercle of the first rib 
Anterior to the scalenus tubercle of the first rib 


Posteriorly in the first rib 

Sibson fascia covering the cupola 

Anterior part of the first rib or sternum 

Costal cartilage of the first rib and subclavian muscle 


Along the posterior inner surface of the first rib 
Posterior limb to middle third of the first rib 


Anterior limb to the sternum or costal cartilage 
of the first rib 


81 Congenital Abnormalities, Cervical Ribs, and Related Bony Abnormalities 


575 








Fig. 81.5 CT reconstruction showing an incomplete cer- 
vical rib in the right and fusion of the left cervical rib with 
the first rib 


As described in the next section, most cervical 
ribs are not calcified all the way to their insertion 
onto the first rib and the connecting fibrous band is 
the source of symptoms. Similarly, a fibrous band 
(classified by Roos [22] as a Type 2 band) arising 
from the tip of the C7 transverse process alone 
(i.e., without a cervical rib being present) and 
inserting into the first rib can be the cause of com- 
pression of the brachial plexus (Fig. 81.4). These 
fibromuscular bands insert in the bony structures 
and insert in the first rib and other anatomical 
components of the thoracic outlet (see Table 81.2 
for a full description of Roos’ classification). 


Cervical Ribs 


A cervical rib can be complete, defined as a bony 
insertion into the sternum or first rib, or incomplete, 
ending free in the soft tissues or being connected to 
the first rib by a fibrous band (Fig. 81.5). If bilat- 
eral, they are often of different lengths. Short ribs 
(less than 5 cm) usually have a fibrous band arising 
from their tips which attaching to the first rib, 
classified by Roos [22] as a Type | band. 

As illustrated in Figs. 81.3 and 81.4 the term 
“cervical rib” should be only used when a true 
costovertebral joint is present at the body and the 





transverse process of the seventh cervical verte- 
bra. Abnormal transverse processes are fused 
with the body of the vertebra. 

Some cervical ribs are fused with the first rib 
by means of a pseudoarthrosis (Fig. 81.5) that 
produces compression of the neurovascular bun- 
dle and, often, the subclavian artery [23]. 

A long cervical rib, more than 5 cm in length, 
is frequently associated with vascular TOS 
(although neurological compression commonly 
occurs) [3, 4, 24], while shorter cervical ribs are 
more commonly responsible for neurological 
symptoms. Cervical ribs are bilateral in 50-80 % 
of cases, and are associated with significant 
symptoms 10-20 % of the time when they are 
present [3, 7]. 

The incidence of cervical ribs in the general 
population varies because of the different geo- 
graphic areas and methods used to arrive to the 
diagnosis. Using review of radiographic studies 
in general populations, Atasoy [7] found an inci- 
dence of 0.5-0.6 %, Brewin [8], 0.74 %, 
Thompson [25], 0.45-1.5 %, and Sanders [3], 
1 %. In a special Anatolian population Gulekon 
[26] found an incidence of 3 %, again suggesting 
that other factors were present. 

As discussed above, cervical ribs are more 
commonly seen in patients with ATOS. Sanders 
reported this to be 4.5 % in his experience [3]. 





Anomalies of the First Thoracic Ribs 


A normal first rib originates from the first thoracic 
vertebra with two synovial joints, one to the body 
of the vertebra and another to the transverse pro- 
cess of the first thoracic vertebra. An abnormal 
first rib is hypoplastic, thinner, and may be com- 
pletely articulated with the sternum or be incom- 
plete with different lengths bilaterally. It is usually 
positioned slightly higher than a normal first rib 
and may have a more vertical “J” shape in con- 
trast with the normal first rib which circumscribes 
a 180° angle (Figs. 81.4 and 81.6) [24, 27-29]. 
While an abnormal first rib can articulate with the 
sternum, more frequently it is fused with the sec- 
ond rib or the tip ends in the soft tissues. While 
sometimes subtle, such a rib should be diagnosed 
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Fig. 81.6 Chest radiograph showing abnormal first ribs 
bilaterally (arrows) 


with plain chest and cervical spine radiographs 
(Fig. 81.6). Sanders believes that the shape of the 
first rib on radiological studies of the chest usu- 
ally predicts whether it will require surgical resec- 
tion for NTOS and, although uncontrolled, his 
results are good using this algorithm [3]. The inci- 
dence of anomalies of the first thoracic rib range 
from 0.21 to 0.34 % [27, 30], and the incidence of 
bilaterally is similar to that of cervical ribs. 

Vascular symptoms and complications of pre- 
dominantly arterial TOS are common in patients 
with abnormalities of the first rib [3, 29-3 1]. Patients 
with symptoms suggesting ATOS as the predomi- 
nant complaint were found by Cormier [24] to be 
associated with bony abnormalities in 70-100 % of 
cases, and Criado [31] found bony abnormalities in 
66 % of patients operated on because of complica- 
tions of predominantly arterial TOS. 

Finally, abnormal first thoracic ribs are often 
fused with the second rib by a large exostosis or 
pseudoarthrosis that may compress the subclavian 
artery [29, 32]. Rib excision is indicated if vascular 
signs and symptoms are present; if not, close fol- 
lowup should be initiated because of the high prob- 
ability of vascular complications in the future. 


Fractures 


Acquired isolated first rib fractures may also pro- 
duce compression of the neurovascular bundle at 
the thoracic outlet. Nonunion [33] and/or an exu- 
berant callus will compress the neurovascular 
structures, preferentially the subclavian artery 
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with subsequent severe subclavian artery compli- 
cations. If any history of first rib (or, more com- 
monly, clavicular) fracture is present in a patient 
with any form of TOS, this should be considered 
the cause of the problem until proved otherwise. 


Summary 


In summary, while the presence of a bony abnor- 
mality significantly increases the chances of 
ATOS being present, most patients with such an 
abnormality do not have symptoms. Although 
widely varying definitions make accurate assess- 
ment of prevalence very difficult, it is probably 
fair to say that major abnormalities are present 
in 1-2 % of the general population, 10-50 % 
of patients with TOS, and 66-100 % (perhaps) of 
patients with ATOS. By contrast, only 10-20 % 
of patients with such an abnormality will develop 
TOS. 
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Abstract 


ATOS in children is frequently associated with anatomic abnormalities. It 
may present in a variety of ways, similar to those seen in adults, and should 
be considered in young patients presenting with either upper extremity or 
cerebral ischemic symptoms. Surgical intervention should be strongly 
considered in this young population due to the frequent presence of ana- 
tomic abnormalities and the excellent response typically seen in these 


patients. 


Thoracic Outlet syndrome most commonly 
affects adults in the 30-50 year age range. Arterial 
TOS is the least common subtype in this popula- 
tion, occurring in less than | % of patients by 
some reports [1]. Many large series of TOS 
include children, but without further comment or 
analysis. In adults, NTOS is the most common 
variant. In children, however, vascular TOS — 
including both arterial and venous subtypes — 
appears to be much more common than in adults. 
Patients in a recent study of vascular TOS (22 
arterial, seven venous, and one combined) were, 
on the average, 26.1 years of age, much younger 
than the typical NTOS series [2]. Arterial TOS 
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may present in a variety of ways, including isch- 
emic symptoms from embolization (either pro- 
grade or retrograde), development of an aneurysm, 
or arterial impingement with upper extremity 
claudication type symptoms with use. 

Blank and Connar published a series describ- 
ing complications of TOS in 1974, and identified 
a 12 year old boy with occlusion of the subcla- 
vian artery at the level of an anomalous first rib 
[3]. In 2000, Okereke described subclavian dila- 
tation in a 16 year old girl with upper extremity 
ischemic symptoms which resolved after resec- 
tion of a cervical rib and fibrous band [4]. The 
first report of an arterial aneurysm secondary to 
TOS in a child was probably published by Reid in 
2002 [5]. They found a dilated subclavian artery 
in a 6 year old boy, who presented with a pulsa- 
tile neck mass. He demonstrated pulse oblitera- 
tion with abduction, and was found to have 
pseudarthrosis between the first and second ribs. 
He underwent transaxillary first rib resection, 
with division of the anterior scalene and resection 
of fibrous bands with 6 month postoperative 
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MRA demonstrating improvement in the stenosis 
and a decrease in the poststenotic dilatation of the 
subclavian artery. A subsequent case report was 
published by Sen in 2007 who described an 8 year 
old boy with subclavian artery poststenotic dilita- 
tion and a cervical rib articulated to the first rib 
on the left, who responded well to surgery with- 
out further complications [6]. 

Despite its rarity, several larger series of ATOS 
in children do exist. Vercellio presented the first 
true series on pediatric TOS syndromes in 2003 
[7]. In his review, 26 % of all patients operated at 
his institution during the time period were non- 
adult, ranging in age from 8 to 16 years old, with 
four boys and four girls (and in the subsequent 
6 months three additional children presented with 
TOS who were not included in this series). He 
classified the lesions as venous in 75 % and neu- 
rogenic in 25 %, but found associated arterial 
symptoms in three patients (one venous and two 
neurogenic patients). All patients had symptom- 
atic improvement at a follow-up of 18 months, 
with one developing recurrent venous thrombosis 
and symptoms. This was the first study to iden- 
tify the higher prevalence of vascular TOS in 
children. 

The second reported series, by L.G. Arthur, 
described outcomes in 25 children ranging in age 
from 12 to 18 [8]. Forty-four percent of these 
patients had VTOS and 8 % ATOS, yielding a 
52 % rate of vascular TOS, and the authors con- 
cluded that vascular complications were more 
common in children than adults. Both cases of 
arterial TOS were seen in females, and were 
characterized by upper extremity claudication. 
Neither patient with arterial TOS developed 
embolization or aneurysm in this series. 

Due to the paucity of good data on TOS in 
children, we reviewed our experience with 12 
pediatric TOS patients, finding that 38 % of oper- 
ated patients less than 20 years of age had ATOS, 
38 % neurogenic, and 24 % venous [9]. Our 
youngest symptomatic patient was 8 years old. 
Most patients with ATOS were identified fairly 
rapidly, with a mean diagnostic time of 2.2 months 
after onset of symptoms, while mean time to 
diagnosis for VTOS was 7.6 months and NTOS 
34 months. Delay in surgery greater than 6 months 
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from diagnosis correlated with increased time to 
resolution of symptoms irrespective of TOS type. 
Two patients required brachial embolectomy for 
upper extremity ischemia prior to their TOS sur- 
gery, and a third required repair of a subclavian 
aneurysm with bypass at the time of the rib resec- 
tion. All patients with arterial TOS underwent 
evaluation for other sources of embolization and 
were found to be negative. Postoperative improve- 
ment or resolution of symptoms occurred in 
100 % of the early onset patients. Rigberg and 
Gelabert, however, found no cases of ATOS in a 
series of 18 children (33 % had VTOS) [10]. 

Embolization with ischemia is clearly the 
worst outcome from arterial TOS. Several reports 
highlight the presence of this disorder in children. 
Edwards described a 20 year old cross country 
college athlete who presented with embolization 
to the brachial artery requiring cervical rib resec- 
tion [11]. In our series two children required 
embolectomy of the affected arm [9], and one 
19 year old male was described by Monica who 
developed upper extremity ischemia and was 
found to have occlusion of the brachial and radial 
arteries secondary to embolus from a stenotic 
subclavian artery. He had suffered several epi- 
sodes of traumatic shoulder dislocation at the age 
of 12 [12]. Ozcakar described a patient with 
delayed limb growth due to intermittent compres- 
sion of the subclavian artery in a 17 year old girl 
[13]. She was found to have a smaller and paler 
left hand and MRA confirmed subclavian com- 
promise with hypertrophied left middle and pos- 
terior scalene muscles. She was, however, treated 
non-operatively with physical therapy and appar- 
ently improved without surgical intervention. 

In addition to arm ischemia, ATOS can cause 
cerebral symptoms due to retrograde embolization 
of the vertebral on either side or right carotid 
(overall, cerebral ischemia is more commonly 
reported on the right side, likely due to the proxim- 
ity of the common carotid origin to the affected 
subclavian artery). Gooneratne described a 21 year 
old male who presented with stroke after a history 
of right arm pain for 1 month [14]. He was found 
by MRI to have bilateral pontine infarcts, a right 
cervical rib with stenosis of the subclavian artery 
1 cm distal to the right vertebral artery, poststenotic 
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dilation of the subclavian artery with occlusion of 
the distal axillary artery, and basilar artery occlu- 
sion secondary to embolus. All other workup for 
embolic source and for hypercoagulable states was 
negative. Yamaguchi also described a case of acute 
basilar artery occlusion in a 22 year old with left 
subclavian artery occlusion due to ATOS [15]. The 
patientinitially presented with unilateral Raynaud’s 
syndrome, and was found to have compression on 
the artery from an “elevated” first rib. He presented 
with a cerebellar infarct, and underwent resection 
of the affected first rib. Prior published a small 
series of five patients, including a 21 year old 
woman with bilateral cervical ribs who developed 
multiple transient ischemic attacks which did not 
resolve until her cervical rib and associated fibrous 
band were resected [16]. Blank and Connar 
described an 18 year old woman with bilateral cer- 
vical ribs, upper extremity ischemia, and a brain- 
stem infarct (who refused surgery) [3] and Matsen 
a 19 year old female who 6 months following an 
MVA was found to have an ischemic upper extrem- 
ity with occlusion of the brachial artery and nega- 
tive thrombophilia workup [17]. She subsequently 
developed headache, dizziness, right sided facial 
numbness, difficulty swallowing, and ataxia, dys- 
arthria, and right eye ptosis, and MRI demon- 
strated a medullary stroke. She was found on 
angiography to have occlusion of the axillary and 
brachial arteries with aneurysmal degeneration of 
the subclavian artery and sluggish right vertebral 
flow with embolic occlusion. Lee described a teen- 
age girl who developed a cerebral embolic stroke 
and arm ischemia from ATOS [18]. She had been 
diagnosed 3 months prior to the stroke with TOS, 
and then presented with simultaneous loss of 
pulses to the right extremity and left sided weak- 
ness of both the upper and lower extremities. 
Diagnostic studies included an MRI/A, which 
demonstrated occlusion of the R MCA with infarct, 
while DSA demonstrated occlusion of the right 
subclavian artery at the midclavicle with bilateral 
cervical ribs. Cardiac echocardiogram was nega- 
tive, but she was found to be heterozygous for 
Factor V Leiden mutation. She underwent throm- 
bectomy and resection of the cervical rib and 
bypass with GSV, as well as anticoagulation for 
the cerebral infarct, but was left with persistent left 
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sided weakness at follow-up due to the stroke. 
Finally, Sharma described an 18 year old male 
who presented with a right basal ganglia infarct 
due to subclavian compression from a cervical rib 
with poststenotic arterial dilation and occlusion 
with abduction [19]. The patient had claudication 
symptoms in the upper extremity prior to the 
stroke, and apparently did well after subsequent 
cervical rib resection. 

It is evident from the discussion above that 
most of what we know about ATOS in “children” 
is derived from individual case reports and very 
small series, almost certainly because of the rar- 
ity of this disorder. Like VTOS, however, it seems 
that younger patients have a higher incidence of 
ATOS in general. Two possible explanations 
exist. First is the possibility that NTOS is rela- 
tively rare before adulthood. This would not 
increase the prevalence of ATOS itself, but would 
lead to the perception (either in the literature or 
one’s clinical practice) that vascular TOS in gen- 
eral is more common, as a greater number of 
young patients would exhibit such symptoms. 
Secondly, however, is related to etiology. ATOS 
tends to be associated with a defined anatomic 
abnormality (such as cervical or anomalous first 
ribs) and, as such, may be more likely to present 
before adulthood. 

In summary, our knowledge of ATOS in chil- 
dren is incomplete, but available data suggest 
that it should be treated according to the same 
general principles used in adults. Children are 
frequently found to have anatomic abnormali- 
ties to account for their symptoms, such as cer- 
vical ribs or bands. Children with arterial TOS 
should strongly be considered for operative 
intervention to prevent ischemic complications 
from embolization, which can be devastating 
and lead to stroke as well as arm symptoms. 
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Abstract 

The diagnosis of arterial thoracic outlet syndrome (ATOS) is made when 
the patient’s primary symptoms are arterial in nature even though the 
patient may also have neurogenic or venous symptoms. The neurovascular 
bundle in the thoracic outlet is compressed when the arm and shoulder are 
placed in certain positions in many patients without symptoms. In some, 
however, repeated injury may occur and produce arterial wall injury lead- 
ing to endothelial ulceration, clot formation, post-stenotic aneurysmal 
dilatation, digital embolization, forearm vessel occlusion, and/or proximal 
arterial occlusion. This process is often silent and progressive. Subclavian- 
axillary artery lesions may be produced by either abnormal bony struc- 
tures or normal structures that become abnormal with certain arm 
positioning. 


Introduction formation, post-stenotic aneurysmal dilatation, 


digital embolization, forearm vessel occlusion, 


The diagnosis of arterial thoracic outlet syndrome 
(ATOS) is made when the patient’s primary 
symptoms are arterial in nature even though the 
patient may also have neurogenic or venous 
symptoms. The neurovascular bundle in the tho- 
racic outlet is compressed when the arm and 
shoulder are placed in certain positions in many 
patients without symptoms. In some, however, 
repeated injury may occur and produce arterial 
wall injury leading to endothelial ulceration, clot 
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and/or proximal arterial occlusion. This process 
is often silent and progressive. Subclavian- 
axillary artery lesions may be produced by either 
abnormal bony structures or normal structures 
that become abnormal with certain arm position- 
ing. This chapter will review the differential 
diagnosis, clinical decision making, and clinical 
pathways in patients who present with arterial 
lesions in the thoracic outlet. 


Differential Diagnosis 
The differential diagnosis of upper extremity 
ischemia is large. Table 83.1 describes the many 


lesions that may affect the upper extremity. 
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Table 83.1 Differential diagnosis 


Non atherosclerotic vascular disease 
SLE, CREST, scleroderma 
Buerger’s aisease 
Fibromuscular aysplagia (FMD) 
Vasculitis 

Giant cell 
Takayasu 
Uremic arteriopathy 

Diabetes mellitus 

Atherosclerosis 
Stenosis/occlusion 
Atheroembolism 
Degenerative aneurysms 

Hematologic process 
Hypercoagulopathies 
Cryofibrinogenemia 
Leukofibrinogenemia 

Trauma 
Occupational 
Orthogenic 
Iatrogenic/penetrating 

Arterial thoracic outlet 

Cryptogenic 


In general, the disease processes can be catego- 
rized based upon the arteries affected. Small digi- 
tal vessel occlusions may be caused by emboli 
from a proximal source or by Berguer’s disease, 
connective tissue disease, or uremic arteriopathy. 
When the disease process is located in the subcla- 
vian-axillary arteries the problem is most com- 
monly Takayasu’s arteritis, atherosclerosis, giant 
cell arteritis, or ATOS. Atherosclerosis is most 
commonly seen at the origin of the great vessel 
(proximal subclavian and/or innominate arteries). 
Both Takayasu’s disease and giant cell arteritis 
also affect the subclavian and axillary arteries, 
but in these situations the disease processes tend 
to be more diffuse and can present with tubular 
stenosis, occlusion, and/or multiple vessel 
involvement. 

Subclavian-axillary artery disease is readily 
demonstrated by standard contrast arteriography 
or CT or MR arteriography. The clinical presen- 
tation of patients with ATOS is similar to that of 
other patients with upper extremity ischemia. 
The majority of patients present with silent isch- 
emia, splinter hemorrhages, digital ischemia, 
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and/or arm symptoms related to exercise induced 
muscle ischemia [1-4]. Patients with ATOS may 
have coexisting neurogenic symptoms, depend- 
ing on the patient’s particular anatomy, as the 
artery and nerves both run through the scalene 
triangle. By definition, however, the dominant 
symptoms are arterial in nature in patients with 
the diagnosis of ATOS. In other words, while 
many patients with NTOS have hypoperfusion 
inducible by stress maneuvers, a patient with true 
arterial damage leading to local or distal symp- 
toms has ATOS. 

The key to diagnosing ATOS is to exclude the 
other diseases that affect the subclavian-axillary 
arteries and to look for either abnormal bony 
structures or normal structures which are com- 
pressing the subclavian-axillary arteries or 
branches. Virtually every patient with ATOS has 
a bony abnormality or a defined, objective, 
acquired structural problem. These patients are 
generally healthy, very active, and present in their 
second to fourth decades. There appears to be no 
difference in the gender distribution in patients 
with bony ATOS in general, although there is a 
male predominance in high-performance throw- 
ing athletes in whom normal structures become 
pathologic [5-8]. 





Clinical Decision Making 


The first step in the evaluation of patients with 
upper extremity ischemia is to determine whether 
or not another underlying disease process is pres- 
ent. After history and physical examination, most 
such problems can be ruled out rapidly by noting 
normal levels of inflammatory serum markers 
such as C-reactive peptide (CRP) levels or eryth- 
rocyte sedimentation rates and absence of athero- 
sclerotic risk factors (most notably, young age). 
If no evidence of other problems exist, suspicion 
for ATOS is high and the structures that are pro- 
ducing the arterial lesion should be sought out 
and the degree of distal embolization assessed. It 
is stressed again that in virtually all cases either 
an abnormal bony structure is present, the patient 
has developed hypertrophied muscles, or the 
patient (often a throwing athlete) has put the arm 
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Branch vessel related to 
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Decompression of compressive elements 
Arterial reconstruction 
Management of peripheral embolism 


Fig. 83.1 Clinical decisions/clinical pathways 


in such extreme positioning that normal struc- 
tures have become the damaging element 
(Fig. 83.1). An arterial lesion acting as an embo- 
lic source may be located in a branch vessel or in 
the main axial artery itself. Emboli have been 
shown to have arisen from the thyrocervical 
trunk, the third portion of the subclavian artery at 
the costoclavicular space, the artery at the pecto- 
ralis minus muscle and the quadrilateral space, 
and at the third portion of the axillary artery at the 
humeral head [9-16]. 

Defined abnormal “bony” structures that com- 
monly produce subclavian-axillary artery lesions 
include true cervical ribs, fibrous bands arising 
from cervical ribs (and abnormal C7 transverse 
processes and the first rib itself, at times), and 
clavicular fractures with malunion and callus for- 
mations. In high-performance athletes normal 
structures can become pathologic, including the 


costoclavicular junction, anterior scalene muscle, 
quadrilateral space, and the humeral head. 

To understand these relationships and the 
specific anatomy with enough detail to plan treat- 
ment, it is important to use imaging that defines 
the anatomy at rest and with positioning. Plain 
radiographs, CT and MR imaging, and, of course, 
contrast arteriography are all useful to determine 
the bony structures that are producing the 
impingement (see Chap. 54). CTA is particularly 
useful, since both the artery and bones are 
depicted in relationship to one another [17]. The 
shoulder joint changes remarkably as the arm is 
moved from the side to an elevated position, and 
all imaging should be performed with the arm by 
the side and in an abducted, externally rotated 
position. A disadvantage of CTA is the lack of 
clear definition of forearm and digital vessels and 
the inability to put the arm in full abduction and 
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external rotation (as a pitcher would during the 
pitching motion). Standard contrast arteriography 
can provide detailed information regarding the 
forearm and digital vessels — correction of the 
problem at the thoracic outlet must be combined 
with treatment of whatever distal embolization 
has occurred. 

In patients in whom there are normal bony 
structures, however, CTA is not particularly use- 
ful. In these patients the intent is to find branch 
vessel occlusions or aneurysms, external com- 
pression by normal structures such as the humeral 
head or the first rib, and to define the runoff ves- 
sels, and catheter-directed selective arteriography 
is the best test. Branch vessel occlusions are often 
subtle and require careful evaluation of muscular 
vessels. The thyrocervical trunk, the axillary 
artery beneath the humeral head, and the poste- 
rior circumflex artery should all be carefully 
examined [11-15]. As discussed above it is also 
invaluable have the patient assist the radiologist 
by putting the arm in the extreme positioning that 
occurs during pitching motions. These patients 
have highly flexible joints and are able to place 
their shoulders in positions that are uncommon in 
the normal patient population. 





























Clinical Pathways 


Surgical treatment for ATOS must address three 
things: the patient’s compressive elements, the 
underlying proximal arterial lesion, and the 
degree of peripheral embolization. 

In most instances the compressive elements 
are addressed first. These may be cervical ribs, 
fibrous bands, clavicular fractures [18, 19], or 
hypertrophied muscles. At operation, it is 
extremely important to include the arm in the 
operative field to allow mobility of the shoulder 
joint for intraoperative evaluation of the bony 
thoracic outlet. The thoracic outlet can be assessed 
by placing a finger between the clavicle and first 
rib and placing the shoulder in different positions. 
Most patients with ATOS will have a cervical rib. 
These are best resected via a supraclavicular 
approach after the artery has been mobilized, and 
these patients will often have an elongated 
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subclavian artery (an infraclavicular incision is 
sometimes needed for full exposure) (see Chap. 
85). Reconstruction of the artery is essential if 
any abnormality exists. In patients in whom the 
pathology is a clavicular fracture that has healed 
with a large callus formation, a decision needs to 
be made regarding whether resection of the clav- 
icle is needed (see Chap. 64) or whether simply 
trimming the callus thus providing a large space 
for the arterial reconstruction to pass is adequate. 
It is absolutely essential to place the reconstructed 
artery in a space that is not to be harmed by resid- 
ual calluses, fibrous bands, or bony structures; 
restenosis is likely to occur unless these struc- 
tures are removed. 

In patients in whom there is hypertrophy of 
normal muscular structures, the treatment has tra- 
ditionally been to resect the muscle and to ligate 
the branch vessel that has become abnormal. 
Such patients can have hypertrophied scalene 
muscles with thyrocervical artery enlargement 
and thrombosis, pectoralis minor syndrome 
(compression of the axillary artery by this mus- 
cle), and/or quadrilateral space syndrome (com- 
pression of the axillary nerve and posterior 
humeral circumflex artery by the teres major and 
minor and triceps muscles and humerus). It is not 
possible to enlarge this latter space, but simply 
ligating the posterior circumflex artery is usually 
adequate (freeing the axillary nerve in this space 
has also been described [13, 20]). 

One of the more problematic lesions of the 
distal portion of the axillary artery is compres- 
sion and injury by the humeral head in high-per- 
formance, often throwing athletes (see Chap. 80). 
Humeral head compression produces an endo- 
vascular fibrosis not dissimilar to fibromuscular 
disease, and lesions in this space are difficult to 
treat because this fibrosis surrounds the neuro- 
vascular bundle and is associated with significant 
inflammation. Once the artery is freed a variety 
of techniques have been employed to treat this 
lesion. Some surgeons prefer bypass from the 
proximal subclavian to the distal axillary artery, 
while others recommend patch angioplasty. 
Series are small and there is no definitive infor- 
mation regarding the most appropriate treatment 
of these patients. 
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Conclusions 

Arterial TOS is uncommon and treatment is 
challenging. An accurate and appropriate diag- 
nosis is critical, as there are several disease 
processes that affect the subclavian-axillary 
vessels. Interestingly, the majority of these are 
associated with an underlying vasculitis, have 
high recurrence rates if not treated appropri- 
ately, and occur in similar demographic groups 
to those with ATOS. It is important to recog- 
nize that both abnormal and normal structures 
may produce arterial lesions in the thoracic 
outlet. While abnormal structures are readily 
identified with CTA, patients with no bony 
abnormalities often have normal structures that 
have become pathologic. In these instances 
arteriography is essential. Once the culprit 
lesion has been identified, the clinical decision 
must be made as to what structures need to be 
resected and the method in which arterial 
reconstruction should be performed. It must 
remembered that many of these patients are 
young and very active, and in many instances 
their livelihood depends upon supranormal 
functioning of the upper extremity. 
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Part Xl 


Arterial TOS: Surgical Techniques 


ATOS is an uncommon but clinically challenging entity. This condition typi- 
cally involves formation of an aneurysm of the subclavian artery related to the 
presence of a cervical rib. An alternative form is also described with positional 
compression of the axillary artery against the head of the humurus. Excellent 
diagnostic procedures are available for ATOS, with arteriography being the 
gold standard. These patients may first present with arterial thromboembolic 
complications which require urgent intervention. In Chap. 52, vascular 
surgeons with extensive experience in ATOS provide a framework for both 
catheter-based and surgical management of this condition. 

Dr. Illig provides a detailed review the role of endovascular intervention in 
patients presenting with distal emboli in the upper extremity or occlusion of 
the axillary-subclavian artery. The techniques of chemical and mechanical 
arterial thrombolysis are described, and the role of endovascular stenting is 
discussed. Like many experienced TOS surgeons, Dr. Ilig cautions against 
the routine use of arterial stents in this location. 

Drs. Singh and Fanciullo outline the surgical approaches to the axillosub- 
clavian including the supraclavicular, infraclavicular and combined 
approaches. They also discuss the deltopectoral approach if more distal expo- 
sure into the upper arm is required. 

ATOS may occur from lesions of the axillary artery created by compres- 
sion against the head of the humerus. This is most commonly seen in over- 
head athletes such as baseball players. Drs. Azizzadeh and Thompson discuss 
their approach to the diagnosis of positional compression of the axillary 
artery, as well as their technique for resection and arterial reconstruction. 
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Abstract 

Patients with arterial thoracic outlet syndrome (TOS) most commonly 
present with distal emboli, either to the brachial, radial or ulnar arteries, or 
to the palm and digital vessels (most common). While endovascular inter- 
vention can be of benefit, digital emboli are often resistant to thrombolysis 
and brachial artery emboli can be easily removed surgically under local 
anesthetic, so the role of thrombolysis in arterial TOS is limited. However, 
if a large, proximal vessel is acutely occluded (most common in the setting 
of a subclavian artery aneurysm or in recurrent arterial TOS), preliminary 
thrombolysis can reestablish flow and define the anatomy prior to surgical 
repair, which must include bony decompression of the thoracic outlet. 
Almost no data exist regarding the use of endovascular stents or stent- 
grafts in this location. Indeed, such a treatment approach is generally dis- 
couraged, and if contemplated, must be accompanied by thoracic outlet 
decompression and unusually close followup. 


Introduction 


Arterial TOS is relatively rare, accounting for less 
than 1 % of cases of TOS in most large collected 
series [1]. This condition usually presents with either 
episodic or chronic upper extremity arterial obstruc- 
tion leading to arm claudication from subclavian 
artery occlusion or to acute ischemia from aneurys- 
mal degeneration and distal embolization; very rarely, 
severe limb-threatening ischemia may occur after 
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acute subclavian artery thrombosis. Conventional 
endovascular techniques can be considered in any 
patient with arterial TOS but are especially helpful in 
patients with an acutely occluded vessel. The major- 
ity of this chapter will thereby deal with treatment for 
occlusion of the axillary-subclavian artery (either as a 
primary problem or in recurrent arterial TOS), 
although other roles for endovascular intervention 
will also be discussed. 


Diagnosis 
Most patients presenting with severe ischemia 
will have a recognizable diagnosis of arterial 


TOS, as evidenced by a young, otherwise, healthy 
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patient with a cervical rib, a pulsatile mass in the 
neck, and a history of arm claudication or fingertip 
emboli; severe ischemia is also frequent in 
patients with recurrent arterial TOS, suggested 
by a history of previous surgical treatment for a 
cervical rib, so the diagnosis should be quite 
straightforward. The diagnosis of acute axillary 
or subclavian artery thrombosis should also be 
readily apparent, as such patients usually present 
with relatively acute arm ischemia. However, this 
is not always the case, as there is a rich supply of 
collateral vasculature around the base of the neck, 
shoulder and axilla, and the patient may be sur- 
prisingly symptom-free. As a result, the patient 
may present with non-urgent symptoms. Physical 
examination is obviously critical. A patient with 
severe hand pain, diminished sensation and dis- 
colored fingers in the presence of a palpable bra- 
chial and/or radial pulse has probably had discrete 
emboli to the hand, while a patient with severe 
forearm and hand pain, often with paralysis, may 
have had more proximal (brachial artery) macro- 
embolism. There is usually an easily palpable 
pulsatile mass immediately above the clavicle, 
corresponding to a dilated subclavian artery dis- 
placed anteriorly by a cervical rib, which is typi- 
cally nontender. 

Duplex ultrasound examination is also poten- 
tially useful in this situation. In addition to help- 
ing localize the site of embolization and 
confirming obstruction, it is important to deter- 
mine if the artery is aneurysmal just beyond the 
rib. If so, replacement or bypass will likely be 
needed, and thrombolysis may be a less favorable 
option. Ultrasound studies may also help docu- 
ment the extent to which the distal circulation is 
compromised (e.g., brachial-brachial-index, digi- 
tal waveforms). Based on a high clinical suspi- 
cion and initial Duplex studies, it often appropriate 
to initiate anticoagulation treatment with intrave- 
nous heparin, to help limit progression of distal 
thrombus while further studies are conducted. 
Following this, the most important step in diag- 
nosis depends on more detailed vascular imag- 
ing, obtained by contrast enhanced CT-, MR- or 
catheter-based arteriography. 

It is an axiom of endovascular intervention for 
vascular thrombosis that success is most likely if 
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intervention is performed within 14 days or so 
after thrombosis. This is usually not a problem if 
the patient presents acutely, but if the patient has 
minimal symptoms they may present with a rela- 
tively well-organized thrombus resistant to dis- 
solution. Because mural thrombus may form over 
a long period of time and progressive accumula- 
tion of emboli to the forearm arteries may not 
cause symptoms until blood flow to the hand is 
severely compromised (giving rise to a clinical 
impression of acute symptoms), the actual dura- 
tion of thrombus or emboli is often difficult to 
determine prior to attempts at thrombolysis. This 
may be one reason for failures in the use of 
thrombolytic treatment in this setting. 

Finally, causes of upper extremity ischemia 
other than arterial TOS must be considered and 
the angiographic appearance can help. Proximal 
subclavian artery stenosis in an elderly patient is 
almost certainly due to atherosclerosis, while a 
young patient with a recent febrile illness could 
have either Takayasu’s (proximal lesion) or giant 
cell (upper arm) arteritis. The diagnosis of true 
arterial TOS would be most likely in a young, 
healthy, perhaps athletic patient with no other 
significant risk factors or symptoms to suggest 
atherosclerosis or inflammatory arteritis, who 
presents with acute occlusion of the subclavian 
artery where it passes over the first rib. The suspi- 
cion of arterial TOS is raised to near-certainty if 
a cervical rib is also seen on radiography, particu- 
larly when there is a corresponding history of 
intermittent claudication in the arm. 


Technique 


Whatever the etiology, thrombolysis can be con- 
sidered if suspicion is high for acute thrombosis 
of the axillary-subclavian artery in the region of 
the first rib. Intervention is straightforward and 
follows the principles of any vascular interven- 
tion. Access is usually most convenient via the 
femoral artery route, although it helps to have the 
ipsilateral arm prepped into the sterile field. The 
patient is anticoagulated with intravenous hepa- 
rin, and a guiding catheter or angiographic sheath 
is placed and positioned selectively into the 
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affected subclavian artery. In the young, healthy 
patients typically affected by arterial TOS, the 
risk of vertebral or right carotid artery emboliza- 
tion from thrombus at the tip of the angiographic 
sheath is probably more theoretical than actual, 
but should always be kept in mind during pro- 
longed procedures. 

Essentially all endovascular interventions are 
performed over a guidewire, and thus a wire must 
initially be passed across the lesion as a funda- 
mental requirement for any intervention. If the 
thrombus is relatively fresh, a hydrophilic wire 
will generally pass quite easily. A combination of 
angled catheters and wires, in various sizes and 
stiffnesses, are often needed. Retrograde access 
from the brachial artery in the arm can also be 
attempted, if angulation of the anatomy and/or 
length of access is felt to hinder success from the 
femoral artery. If a subclavian artery aneurysm is 
present making “reentry” into the normal vessel 
beyond the occlusive lesion more difficult, entry 
from both ends of the vessel and snaring the wire 
to pull it through the lesion can also be 
performed. 

Once successful passage of the guidewire has 
been achieved, dissolution or removal of clot is 
the next goal. There are two choices: rapid phar- 
macomechanical thrombolysis and _ relatively 
“slow” conventional thrombolysis via an infusion 
catheter. Often both techniques are used. 
Pharmacomechanical thrombolysis, as the name 
implies, refers to several different techniques that 
combine instillation of a clot-dissolving drug and 
use of a mechanical technique for clot removal. 
The Trellis device (Bacchus, Santa Clara, CA) 
physically breaks up clot by means of a rotating 
sinusoidal wire within an isolated segment of the 
artery that is controlled by balloons at either end 
and laced with tissue plasminogen activator 
(t-PA; Genentech, San _ Francisco, CA). 
Unfortunately, this technique is best suited for 
long, nonbranching tubes, and the subclavian 
artery is poorly-suited anatomically for this 
device. Another option is the Arrow-Trerotola 
PTD device (Arrow International, Reading, PA), 
which is essentially a small catheter-based “egg- 
beater” designed to macerate clot. Although the 
resulting microemboli are easily absorbed by the 





lungs when this approach is used for venous 
thrombus, this device is probably not well-suited 
for arterial thrombus. 

A third possibility is use of the Angiojet 
(Possis Medical, Minneapolis, MN) technique, 
usually using the “Power-Pulse” setting. “Power- 
Pulse” is a technique (hardware and software 
being part of the commercial package) whereby a 
t-PA/saline solution (usually 10 mg in 240 mL) is 
forcibly injected into the clot itself through mul- 
tiple sideholes in the infusion catheter, and then 
allowed to sit and “mature” within the thrombus 
for 20 or 30 min. Following this, conventional 
Angiojet pharmacomechanical thrombolysis is 
performed (the Angiojet removes thrombus by 
aspiration, using a high velocity fluid jet which 
creates suction). 

The pharmacomechanical approach to throm- 
bolysis is highly successful if there is acute throm- 
bus present, and it can usually be completed in a 
single session. Although distal microembolization 
can occur, such emboli are laced with t-PA and usu- 
ally respond to an additional period of conventional 
t-PA infusion. Finally, if residual thrombus is pres- 
ent, consideration can be given to leaving the cath- 
eterin place overnight, for conventional thrombolytic 
treatment according to established protocols. 

Once the artery is opened, the underlying 
problem causing the thrombosis must be identified 
and corrected, which almost always means surgi- 
cal resection of the cervical and first rib. In the 
relatively uncommon event that the artery is com- 
pletely normal following thrombolysis, thoracic 
outlet decompression with rib resection may be 
all that is required. If the artery appears only 
mildly dilated but is otherwise relatively normal 
following rib resection, further arterial recon- 
struction is probably not necessary. Conversely, 
if the subclavian artery is dilated to aneurysmal 
proportions (twice the diameter of the adjacent 
normal artery), especially if distal embolization 
has occurred or if there is surface ulceration and/ 
or mural thrombus, the vessel should be resected 
and replaced. Intraoperative arteriography can be 
useful at this stage of the operation if the subcla- 
vian artery appears relatively normal in diameter, 
as it can detect surface ulceration or stenosis that 
might otherwise be overlooked. Another 
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technique that may have application in this set- 
ting is the use of intravascular ultrasound (IVUS). 
For example, passage of an IVUS catheter across 
the subclavian artery may provide more detailed 
information about the presence of mural throm- 
bus, wall thickening or surface ulceration, in 
which case the subclavian artery is repaired. 
Although endovascular stents have been 
placed in the subclavian artery, this should be 
approached with a great deal of caution as the 
long-term results of this approach are completely 
unknown. Indeed, arterial TOS occurs in young 
active patients and there is considerable motion 
in the subclavian artery, particularly with arm 
elevation, so stent placement in this setting can 
be expected to have a substantial failure rate. 
Consequently, very few reports of arterial stent- 
ing in the thoracic outlet have been published. 





Other Scenarios 


Many patients with arterial TOS will present with 
isolated distal microembolization, without throm- 
bus in a proximal major vessel. Preoperative 
thrombolysis in this situation is unlikely to yield 
benefit, for two reasons. First, with distal emboli 
it is not possible to provide true catheter-directed 
intra-thrombus delivery of the thrombolytic 
agent, due to the small size, multiple sites, and 
distal location of the emboli. The best that can be 
accomplished in this regard is ““whole-limb” infu- 
sion proximally, and it is unclear how much active 
ingredient can actually reach the site(s) of occlu- 
sion. The second major problem is likely even 
more important: in this situation, the occluding 
material is likely to be chronic mural thrombus 
from the proximal source rather than acute throm- 
bus as seen in the setting of acute occlusion, 
especially if a subclavian or axillary artery aneu- 
rysm is present. Acute digital emboli that occur 
during proximal intervention (being made up of 
fresh, t-PA-laced clot) may respond well to con- 
tinued limb perfusion with TPA, but chronic digi- 
tal emboli that occur in an isolated manner most 
likely will not. 

It is often tempting to consider placement of a 
covered endovascular stent (or “stent-graft”) across 
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any arterial lesion. As described above, the 
long-term results of such an approach in arterial 
TOS are not known, and we stress that the cervical 
and/or first rib(s) must still be surgically resected 
for optimal management. Stent-graft placement 
might be appropriate in a rare patient with a well- 
defined subclavian artery aneurysm, particularly if 
the lesion is judged to be too difficult to resect or if 
the patient is considered to be at particularly high 
risk for surgical treatment. It is notable in consid- 
ering this approach that flexible covered stents 
usually require large sheath sizes, and a brachial 
artery or combined brachial/femoral approach, 
perhaps with through-and-through wire control to 
improve trackability, may be required. It is also 
important to consider anatomical constraints, such 
as the necessity of preserving the vertebral artery 
or the inability to satisfactorily isolate large branch 
vessels (e.g., the internal thoracic or thyrocervical 
trunk), which may preclude the utility of stent- 
grafts for lesions in this location. 


Results 


There are essentially no clinical series and only 
isolated case reports dealing specifically with 
thrombolysis and stenting of the axillary-subcla- 
vian artery for arterial TOS. Hood and colleagues 
described six patients who presented with arm 
claudication (three) or acute ischemia (three); all 
of the latter had hand emboli and none had an 
occluded axillary-subclavian artery [2]. Two of 
the patients with forearm emboli improved with 
preoperative thrombolysis. All patients under- 
went thoracic outlet decompression, and two 
required further arterial intervention (one having 
subclavian aneurysm resection and one having 
endarterectomy). While all 17 patients with “vas- 
cular TOS” in their series did relatively well, the 
results of the arterial and venous groups were not 
separately described. 

Thus, few data exist regarding arterial stenting 
or stent-graft placement in arterial TOS, although 
stents placed in the subclavian vein for venous TOS 
are recognized to have an extremely high rate of 
failure [3]. A case report published more than a 
decade ago described deformation of a covered, 
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self-expanding stent within 3 months of placement 
in the subclavian artery, but this was almost cer- 
tainly located distal to the first rib [4]. Malliet and 
colleagues report three cases of arterial TOS, all 
with subclavian artery aneurysm formation, which 
were treated with endovascular stent-grafting fol- 
lowed by cervical and/or first rib resection (up to 
2 months after intervention) [5]. Interestingly, 
although all three of these patients did well with 
patent devices 1-6 years later, two had developed 
early occlusion of the endoprosthesis requiring sec- 
ondary thrombectomy procedures. It is also 
significant that the same two patients had exhibited 
recurrent symptoms during the interval between 
the initial endovascular treatment and thoracic out- 
let decompression. The largest series of patients 
with arterial TOS (n=55) was published in 1989; 
although 69 % of the patients presented with 
“embolic occlusion” there was no mention of endo- 
vascular intervention in this series [6]. 
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Abstract 


Exposure of the axillosubclavian artery can be challenging due to the sur- 
rounding bony structures, bulky pectoralis muscles, and adjacent nerves. 
A thorough understanding of the thoracic outlet anatomy facilitates surgi- 
cal exposure of both the subclavian and axillary arteries. However, given 
the complex anatomy within a confined surgical field, even to an expert 
exposure of these vessels is certainly not without risk. This chapter will 
serve as a review of both the supraclavicular and infraclavicular approaches 
to the axillosubclavian artery. 


Introduction 


Exposure of the axillosubclavian artery can be 
challenging due to surrounding bony structures, 
bulky pectoralis muscles, and adjacent nerves. A 
thorough understanding of the thoracic outlet anat- 
omy facilitates surgical exposure of both the sub- 
clavian and axillary arteries. However, given the 
complex anatomy within a confined surgical field, 
even to an expert exposure of these vessels is cer- 
tainly not without risk. This chapter will serve as a 
review of both the supraclavicular and infraclavic- 
ular approaches to the axillosubclavian artery. 
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An important point should be made regarding 
planning. Vessels in the groin, legs, arms, and 
even abdomen are surrounded only by soft tissue, 
and an experienced and talented vascular surgeon 
can approach such vessels very quickly if emer- 
gencies arise or a traumatic or surgical injury is 
present. The brachiocephalic vessels, importantly 
including the subclavian and axillary arteries, do 
not afford this luxury, and emergent proximal 
exposure frequently requires time consuming 
bony resection or division. For this reason we 
suggest an unusually reasoned, thoughtful plan- 
ning process prior to exposure of these vessels. 


Anatomy 


The right subclavian artery and right common 
carotid artery both originate from the innominate 
artery. The left subclavian artery originates 
directly off the aortic arch distal to the left com- 
mon carotid artery. Infrequently, aberrant right 
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Fig. 85.1 The extra- 
thoracic subclavian artery 
can be exposed through a 
supraclavicular incision. 
Transecting the anterior 
scalene muscle will 
expose the vessel. Three 
major branches originate 
from the subclavian artery 
and are: the internal 
mammary, vertebral 
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and thyrocervical trunk 


subclavian artery anatomy is discovered. In these 
cases, the right subclavian artery originates from 
the descending thoracic aorta distal to the left 
subclavian artery. A supraclavicular incision pro- 
vides excellent exposure of the extra-thoracic 
subclavian artery. Releasing the anterior scalene 
muscle provides direct visualization of the ves- 
sel. At this level three major branches off the sub- 
clavian artery are found — from medial to lateral 
they are the internal mammary artery, vertebral 
artery and thyrocervical trunk (Fig. 85.1) [1]. 
The subclavian artery transitions to the axil- 
liary artery at the lateral edge of the first rib. The 
lateral boundary of the axillary artery is defined 
by the lateral edge of the terres major muscle; 
distal to this boundary the axillary artery becomes 
the brachial artery. The pectoralis minor muscle 
divides the axillary artery into three segments. 
The first segment is medial to the pectoralis 
minor, the second is deep to the muscle and the 
third segment is distal. The first axillary segment 
contains one branch, which is the supreme tho- 
racic artery. The second segment has two 
branches, which are the thoracoacromial and lat- 
eral thoracic arteries. The third segment has three 
branches; from medial to lateral the subscapular, 
medial humeral circumflex and lateral humeral 
circumflex arteries. (Figs. 85.2 and 85.3) 


Supraclavicular Approach 
The supraclavicular approach is well suited for 


any operation requiring the exposure of the sub- 
clavian artery or brachial plexus. Further, this 






approach is unique in that it provides excellent 
exposure of all anatomic structures associated 
with the thoracic outlet (See also Chap. 29). 

Under general anesthesia, the patient is placed 
in the supine position with the head turned away 
from the operative side. A transverse shoulder 
roll can be utilized to extend the neck and flatten 
the supraclavicular fossa. Care should be taken to 
avoid hyperextending the neck. The surgical field 
is then prepped to include the entire extremity, 
neck, shoulder and upper chest. 

The sternal notch, clavicle, and sternocleido- 
mastoid muscle are identified. A transverse inci- 
sion is made | cm superior the clavicle starting just 
lateral to the sternal portion of the sternocleido- 
mastoid muscle. (Fig. 85.4) This incision should 
be 8-10 cm in length and parallel the clavicle. 

The incision is deepened by use of the 
superficial cervical aponeurosis, platysma mus- 
cle, and clavicular portion of the sternocleido- 
mastoid muscle are all divided. The external 
jugular vein will be identifiable and should be 
ligated. Care should be taken when dividing the 
sternocleidomastoid muscle as the internal jugu- 
lar vein lies just beneath it. Once identified, the 
internal jugular vein should be mobilized and 
retracted medially. If this exposure is to be per- 
formed on the patient’s left side, careful dissec- 
tion along the internal jugular vein is mandatory 
to avoid injury to the thoracic duct which travels 
posterior. The duct drains into the superior aspect 
of the confluence between the left internal jugular 
and subclavian veins. If injured, the duct should 
be identified and ligated to prevent the develop- 
ment of a lymphocutaneous fistula formation. 
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Fig. 85.2 Proximally the 
axillary artery is anatomi- 
cally defined by the lateral 
margin of the first rib and 
distally by the lateral edge of 
the teres major muscle. The 
pectoralis minor muscle 
divides the axially artery 
into three segments 
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Fig. 85.3 Branches of the axillary artery are: supreme thoracic artery, thoracoacromial artery, lateral thoracic artery, 


subscapular artery, medial humeral circumflex artery and the lateral humeral circumflex artery 


Just deep and medial to the internal jugular lateral to the common carotid artery. The scalene 
vein is the common carotid artery. The location fat pad which lays deep to the platysma should 
of the vagus nerve is most often posterior and _ be dissected along its medial border and reflected 
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Fig. 85.4 The patient is 
placed supine with neck 
slightly extended and rotated 
away from the surgical site. 
The transverse supraclavicu- 
lar incision in placed 1 cm 
superior to the clavicle. The 
platysma and clavicular 
portion of the sternocleido- 
mastoid muscle are 
transected 


Platysma muscle 


Sternocleidomastoid muscle 


Calvicular head of 
sternocleidomastoid muscle 
Sternal head of 
sternocleidomastoid muscle 


Jugular vein 


Common carotid artery 
Vagus nerve 


Anterior scalene muscle 


Phrenic nerve 


Fig. 85.5 After mobilizing the scalene fat pad, the 
phrenic nerve coursing lateral to medial will be found 
lying on top of the anterior scalene muscle. The nerve 


laterally to provide exposure of the anterior 
scalene muscle. Prior to any scalene muscle 
dissection, it is of paramount importance to iden- 
tify the phrenic nerve which lies superficial to 
the anterior scalene muscle and typically courses 
obliquely from lateral to medial (Fig. 85.5). Once 
identified, the nerve is mobilized and gently 
retracted medially with a vessel loop. Placing a 
right angle clamp behind the anterior scalene 
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Thyrocervical 
trunk 


Subclavian artery 


should be gently mobilized and the anterior scalene mus- 
cle sharply released from its insertion on the first rib 


muscle facilitates the transection of its tendinous 
insertion on the first rib. 

Once the anterior scalene muscle has been 
transected, 3-5 cm of the subclavian artery will 
easily be visualized. The C5 and C6 nerve roots 
will be found laterally. On the left side, the sub- 
clavian artery is slightly deeper and less accessi- 
ble. After isolating the subclavian artery dissection 
of it branches vessels is helpful and includes the 
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Fig. 85.6 A horizontal 
infraclavicular incision will 
expose the pertoralis major 
muscle (PMA). Once fibers 
of the PM are separated, the 
clavopectoral fascia (CPF) 
and pectoralis minor muscle 
(PMI) are readily seen. The 
pectoralis minor is transected 
with cautery 


vertebral artery, internal mammary artery, and 
thyrocervical trunk (Fig. 85.1) [2-5]. 


Infraclavicular Approach 


As described above, the axillary artery is com- 
prised of three anatomic segments. All three are 
easily approached through an infraclavicular 
incision. The first segment, extending from the 
lateral border of the first rib to the medial border 
of the pectoralis minor, is the best location to 
serve as a donor artery in the construction of 
extra-anatomic bypasses as movement with arm 
extension is minimal. 

In preparation for surgery, the patient should 
be placed supine on the operating room table. 
When exposure is being performed for ATOS, the 
entire upper extremity, supraclavicular area, and 
thorax should be prepped and draped in a sterile 
fashion. If the patient requires an extra anatomic 
bypass to the lower extremity, the ipsilateral arm 
should be abducted 45-60°. 

A horizontal skin incision is made one 
fingerbreadth inferior to the clavicle. It should 
start approximately 1-2 cm below the medial 
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third of the clavicle and extend laterally to the 
deltopectoral grove for a distance of 8-10 cm. 
The incision is deepened with electrocautery 
through the subcutaneous tissue and pectoralis 
major fascia. A dissection plane is created 
between the pectoralis major muscle fibers. This 
blunt or sharp dissection separates the muscle 
fibers and exposes the superficial surface of the 
clavipectoral fascia. This fascial layer is incised 
to expose the underlying pectoralis minor mus- 
cle. The pectoralis minor is transected near the 
coracoid process. (Fig. 85.6) Crossing superficial 
to this muscle are the acromiothoracic artery and 
vein. If traced medially, these two vessels will 
guide the surgeon to the axillary artery and vein. 

Using sharp dissection, the axillary sheath is 
opened. The first structure encountered within 
the axillary sheath is the axillary vein. To expose 
the artery, which lies deep and superior to the 
vein, gentle caudal retraction on the axillary vein 
should be applied. Once the vein is retracted, dis- 
section continues along the axillary artery until 
enough length is achieved to perform an anasto- 
mosis. If the dissection is extended laterally, one 
must be careful to identify and preserve the 
branches of the brachial plexus [1, 2]. (Fig. 85.7) 
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Fig. 85.7 Distal exposure 
of the axillary artery and 
vein can be obtained by 
extending the infraclavicular 
incision laterally. Using 
sharp dissection, the axillary 
sheath is opened. The first 
structure encountered within 
the axillary sheath is the 
axillary vein. To expose the 
artery, which lies deep and 
superior to the vein, gentle 
caudal retraction on the 
axillary vein should be 
applied 


Fig. 85.8 A combined 
supraclavicular and 
infraclavicular approach may 
be necessary for large 
axillosubclavian artery 
aneurysms 


Deltopectoral Approach 


If distal axillary artery exposure is necessary, 
extending the incision onto the upper arm may be 
necessary. The lateral portion of the incision 
should extend to the intersection of the anterior 
border of the deltoid muscle and the external bor- 
der of the biceps muscle. The superficial location 
of the cephalic vein places it in harm’s way and 
should be preserved if possible. 
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Combined Supraclavicular 
and Infraclavicular Approach 


Occasionally a combined supraclavicular and 
infraclavicular approach is necessary for large 
axillosubclavian artery aneurysms or traumatic 
arterial injuries. In these situations excellent arte- 
rial exposure can be obtained using a combined 
approach which avoids the morbidity associated 
with resection of the clavicle (Fig. 85.8). 
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Introduction 


Abstract 

Extrinsic compression of the distal axillary artery or its immediate branches 
can cause unique vascular lesions that represent a variant of arterial TOS. 
These lesions are occasionally reported in overhead athletes, such as base- 
ball pitchers and volleyball players, for whom positional compression of 
the artery opposite the head of the humerus has led to aneurysm formation, 
with thrombosis and/or embolism to the arteries of the arm or hand. The 
unique clinical setting of these lesions requires different considerations 
from those applicable to other forms of TOS or vascular disease. This 
chapter describes the spectrum of pathology and the outcomes of treat- 
ment for compressive axillary artery lesions, with particular emphasis on 
the methods of surgical treatment and the subsequent return to high- 
performance overhead athletic activity. 


gle at the level of the first rib. This usually occurs 
in conjunction with a congenital cervical rib or 


The most typical form of arterial thoracic outlet 
syndrome (TOS) involves development of a sub- 
clavian artery aneurysm, caused by compression 
of the subclavian artery within the scalene trian- 
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first rib anomaly, with formation of mural throm- 
bus and embolic occlusion of distal arteries in the 
arm and/or hand. Similar pathologic and clinical 
findings can develop from lesions in the distal 
axillary artery or its immediate branches, also 
caused by extrinsic compression, thereby repre- 
senting a variant of arterial TOS (Fig. 86.1) [2]. 
Compressive lesions of the axillary artery have 
been occasionally reported in overhead athletes 
since the early 1970s, particularly in baseball 
pitchers and volleyball players [3-6]. The rare 
nature of these lesions and their unique clinical 
setting requires different considerations from 
those applicable to other forms of vascular dis- 
ease. This chapter describes the spectrum of 
pathology and the outcomes of treatment for 
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Fig. 86.1 Pathogenesis of axillary artery lesions. 
Compression of the third portion of the axillary artery by 
anterior displacement of the humeral head during the 
overhead throwing motion. The axillary artery is relatively 
fixed in position at this site by the overlying fascia, branch 
vessel origins, and the pectoralis minor muscle. Repetitive 


axillary artery lesions in the high-performance 
overhead throwing athlete, with particular empha- 
sis on the methods of surgical treatment and the 
subsequent return to athletic activity. 


Clinical Presentation, Diagnosis, 
and Initial Management 


Presenting symptoms include early and _ pro- 
nounced arm fatigue, finger numbness, Raynaud’s 
syndrome and cold hypersensitivity in the hand 
and/or fingers, rest pain in the hand, and localized 
fingertip discoloration, consistent with cutaneous 


\Pectoralis © 
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Intimal Hyperplasia and 
Thrombotic occlusion 





Aneurysm formation 
with mural thrombus 


compression can lead to intimal hyperplasia with stenosis, 
or aneurysm formation, with or without thrombotic occlu- 
sion. Similar lesions may also arise in the adjacent axil- 
lary artery branches (subscapular and circumflex humeral 
arteries) (Adapted from Duwayri et al. [1]. With permis- 
sion from Elsevier) 


digital embolism. Digital ulcerations, non-healing 
wounds, or palpable bony abnormalities are 
sometimes present. A clinical diagnosis of upper 
extremity arterial insufficiency is often initially 
suspected by the examining physician. Non- 
invasive vascular laboratory studies, including 
brachial-brachial indices and forearm/digital 
waveforms, often confirm the clinical impression 
of arterial insufficiency. Computed tomography 
(CT) or magnetic resonance (MR) arteriograms, 
as well as standard upper extremity arteriogra- 
phy, can be used for definitive diagnosis. 
Diagnostic findings include stenosis or occlusion 
of the distal axillary artery at rest or with arm 
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Fig. 86.2 Axillary artery thrombosis. (a) Initial arterio- 
gram demonstrating occlusion of the right axillary artery 
in a 29 year-old baseball pitcher. (b) Surgical exploration 
through an upper arm incision, (¢) revealing acute throm- 
bosis of the distal axillary artery, superimposed on an area 


elevation. Branch vessel occlusion may also be 
seen. Patients with axillary artery occlusions can 
undergo catheter directed intra-arterial throm- 
bolysis. However, balloon angioplasty and stent 
placement is not recommended. Following the 
initial diagnostic studies and interventions, 
patients are maintained on therapeutic anticoagu- 
lation with subcutaneous low molecular weight 
heparin and/or warfarin prior to definitive 
treatment. 


Surgical Treatment 


Diagnostic upper extremity arteriography is per- 
formed with the affected arm at rest and in the 
overhead elevated position (Fig. 86.2a). 
Intravascular ultrasound (IVUS) may also be 


of intimal thickening caused by focal intimal hyperplasia. 
(d) The excised arterial segment was replaced by an inter- 
position vein graft, illustrated on a completion arteriogram 
(Adapted from Duwayri et al. [1]. With permission from 
Elsevier) 


employed to assess pathological characteristics 
of the arterial wall, such as intimal thickening or 
aneurysmal dilatation. Surgical exploration is 
performed through an upper medial arm incision 
(Fig. 86.2b). The distal (third) portion of the 
axillary artery is exposed and circumferentially 
mobilized from its surrounding fascia, with gen- 
tle retraction of the axillary vein and brachial 
plexus nerves. The axillary artery branch vessels 
(subscapular and circumflex humeral arteries) 
are also mobilized and controlled. The location 
of the axillary artery lesion is identified by direct 
palpation and reference to the diagnostic arterio- 
gram, with proximal and distal control obtained 
where the vessel appears normal (Fig. 86.2c). In 
our experience, the axillary artery pathology is 
usually confined to the third portion of the vessel 
or its branches (lateral to the pectoralis minor 
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Fig. 86.3 Repair of axillary artery lesion. Preoperative 
arteriogram and illustration depicting occlusion of the dis- 
tal right axillary artery. At surgical exploration, the affected 
segment of axillary artery was excised and replaced with a 
reversed saphenous vein graft bypass, with preservation of 


muscle). In rare instances when the lesion 
extends more proximally, control of the artery 
can be obtained through a transverse infraclavic- 
ular incision. Division of the pectoralis minor 
muscle is not usually required for vascular 
exposure. 

The affected segment of the axillary artery 
is excised and the artery is reconstructed with a 
reversed saphenous vein interposition bypass 
graft (Fig. 86.2d). These bypass grafts are 
placed with widely beveled, end-to-end anasto- 
moses, after measuring the appropriate length 


- 


-— 
: Circumflex 
Scapular Artery — ’ 





the subscapular, thoracodorsal, circumflex scapular, and 
posterior circumflex humeral artery branches, as depicted 
by the postoperative arteriogram (Courtesy of Chris Akers, 
Hazim J. Safi, MD © 2009) 


of the graft while the arm is placed in overhead 
extension to avoid subsequent tension, torsion 
or compression by the humeral head during 
overhead positioning. In addition, the distal 
anastomoses are created to incorporate at least 
one of the axillary artery branch vessel origins 
(subscapular and/or circumflex humeral arter- 
ies) (Fig. 86.3). Occasionally, an axillary artery 
thrombectomy is required. Focal lesions may 
be treated with a saphenous vein patch rather 
than a bypass graft. In patients who have 
lesions confined to the axillary artery branch 
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Table 86.1 Classification and staging of axillary artery lesions 


Lesion type Arteriographic findings and surgical pathology 

Type I Patent axillary artery with positional compression alone 

Type II Fixed axillary artery stenosis or occlusion + Positional compression 
Type Il Axillary artery aneurysm formation + Positional compression 

Type IV Axillary artery branch vessel aneurysm or occlusion 


(Circumflex humeral or subscapular arteries) 


Lesion stage Distal arteriographic findings 


Brachial artery 


Radial and ulnar arteries 


Palmar arch 


Across elbow Through forearm and wrist Through hand 
Stage 0 Patent Both patent Patent 
Stage | Occluded Both patent Patent 
Patent One occluded Patent 
Stage 2 Occluded One occluded Patent 
Patent Both occluded Patent 
Stage 3 Occluded Both patent Interrupted 
Patent One or both occluded Interrupted 
Stage 4 Occluded One or both occluded Interrupted 
“D” Modifier Presence of digital artery emboli or occlusions 


Adapted from Duwayri et al. [1]. With permission from Elsevier 


vessels, simple ligation and excision of the 
aneurysm, without axillary arteriotomy or 
direct reconstruction, is sufficient. A 
classification and staging system for axillary 
artery lesions, based on a combination of arte- 
riographic findings and surgical pathology, is 
shown in Table 86.1. In our experience, fixed 
axillary artery stenosis or occlusion with or 
without positional compression (Type II) is the 
most commonly encountered abnormality. 
Angiographic evidence of thromboembolism 
distal to the elbow is also very common in this 
patient cohort. 

Intraoperative completion arteriography fol- 
lowing treatment of the axillary artery or 
branch vessel lesion is prudent. Selective injec- 
tions with the arm at rest and in overhead ele- 
vation are obtained. The distal circulation is 
assessed from the brachial artery to the hand. If 
residual distal thromboembolism is encoun- 
tered, brachial artery exploration and throm- 
bectomy, along with intraarterial thrombolysis 
and vasodilator infusion into the distal vessels 
of the forearm, is performed. Upon completion 
of the operative procedure, a closed-suction 
drain is placed into the axillary space for 
24-48 hours, and therapeutic anticoagulation 


is resumed (intravenous heparin followed by 
conversion to warfarin) along with antiplatelet 
therapy (clopidogrel). 





Postoperative Care 


Postoperative anticoagulation and antiplatelet 
therapy is maintained for approximately 
six weeks. Physical therapy is also continued for 
six weeks, with an initial focus on restoration and 
maintenance of upper extremity range of motion 
while restricting vigorous overhead activity and 
upper-body weight lifting. This is allowed to 
progress to upper-body strengthening and throw- 
ing, beginning six weeks after surgery, with an 
emphasis on maintaining proper posture and 
shoulder mechanics during overhead motion. 
Planned secondary imaging studies (CT, MR or 
angiography) are performed four to six weeks 
after surgical treatment, to evaluate the axillary 
artery reconstruction and distal circulation prior 
to the return to more vigorous upper extremity 
exercise. Anticoagulation is discontinued six 
weeks after surgery, at which time patients are 
permitted more vigorous athletic rehabilitation, 
overseen by a team physician and trainer. 
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Discussion 


The overhead throwing position involves 90—120° 
of shoulder abduction, excessive external arm 
rotation, and full wrist pronation [7]. During this 
maneuver, the third portion of the axillary artery 
is potentially subject to compression by the head 
of the humerus distal to the pectoralis minor mus- 
cle, where the artery is relatively fixed in position 
by its surrounding fascia and branch vessel ori- 
gins (the subscapular and circumflex humeral 
arteries). Anterior translation of the glenohumeral 
joint and axillary artery compression with the 
arm in the throwing position has been demon- 
strated by ultrasound [8]. Cadaveric and angio- 
graphic studies have also documented that 
abduction and external rotation of the arm can 
cause compression of the axillary artery by the 
humeral head, acting as a fulcrum [9, 10]. 
Moreover, tethering of the third portion of the 
axillary artery can result in stretch injury to its 
branch vessel origins during the extremes of arm 
abduction and external rotation, particularly 
where the posterior circumflex humeral artery 
passes into the quadrilateral space [11, 12]. 

Repetitive positional compression of the distal 
axillary artery or its branches has been sporadi- 
cally reported in baseball players and other com- 
petitive overhead athletes. A recent review of the 
literature revealed 46 cases, including 28 (61 %) 
with axillary artery pathology and 18 (39 %) with 
lesions of the axillary artery branch vessels, with 
the majority (70 %) occurring in baseball players 
(Table 86.2) [2]. It is evident that these lesions 
are typically caused by chronic vessel wall injury 
and frequently associated with intimal hyperpla- 
sia, stenosis, and thrombus formation, as well as 
distal embolization to smaller vessels. More 
abrupt and substantial axillary artery injury may 
result in acute thrombotic occlusion or dissec- 
tion, and progressive medial degeneration can 
lead to aneurysm formation in the axillary artery 
or its branches. Even though small in size, the 
turbulent flow in these aneurysms readily pro- 
duces mural thrombus that has a high propensity 
to embolize to the distal extremity, particularly 
during repetitive movement at the level of the 
shoulder joint. 


A. Azizzadeh and R.W. Thompson 





This condition is probably under-recognized, 
in part because symptoms resembling arm clau- 
dication, digital numbness and_ circulatory 
changes are not uncommon in high-performance, 
overhead throwing athletes. In this setting, such 
symptoms are often initially attributed to fatigue 
and musculoskeletal etiologies. Collegiate and 
professional athletes are usually first evaluated 
by their team physicians, who need to have a high 
index of suspicion when these symptoms arise 
acutely or when they are associated with pulse 
deficits, pallor, or differences in temperature. The 
variety of presenting symptoms reinforces the 
need for team physicians to remain vigilant in 
evaluating unusual or persistent upper extremity 
complaints. 

Noninvasive vascular laboratory testing may 
be used in diagnosis, as brachial-brachial indices 
may be abnormal with axillary artery occlusion 
and digital waveforms may be dampened in cases 
with distal thromboembolism. These studies can 
be deceptive, however, as normal results may be 
obtained in the resting position when there is only 
positional compression of the axillary artery. 
Plain films may reveal cervical ribs in cases of 
subclavian artery compression in the thoracic 
outlet, but are normal in cases of axillary artery 
compression. Angiography remains the most 
important and essential diagnostic study, whether 
performed by catheter-based techniques or con- 
trast-enhanced MR or CT. Angiograms should be 
performed with the arm both at rest and in the 
overhead position (90-120° shoulder abduction, 
full external rotation), with good visualization of 
the axillary artery, its branches, and the more dis- 
tal vessels. 





Conclusion 

Repetitive positional compression of the 
axillary artery is a rare but important problem 
in the elite overhead throwing athlete. It can 
cause a spectrum of pathology, including focal 
intimal hyperplasia, aneurysm formation, seg- 
mental dissection, and branch vessel aneu- 
rysms or occlusions. Prompt recognition of 
these lesions is crucial, given their propensity 
toward thrombosis and distal embolism. 
Positional arteriography is necessary for 
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Table 86.2 Axillary artery and branch vessel lesions in competitive athletes 


Year 
1989 


1990 


1990 
1993 
1995 
1998 
1999 
2000 
2000 


2001 


2001 
2001 
2006 
2006 
2006 
2007 
2008 
2009 
2010 


Totals 


Author (ref) 
McCarthy [13] 


Nuber [4] 


Rohrer [9] 
Reekers [14] 
Kee [15] 
Todd [16] 
Schneider [5] 
Caiati [17] 
Ikezawa [18] 


Arko [19] 


Ishitobi [20] 
Vlychou [21] 
McIntosh [22] 
Simovitch [23] 
Takach [24] 
Baumgarten [25] 
Seinturier [26] 
Ligh [27] 
Duwayri [2] 


No. of patients (sport) 
4 Patients (3 BB, | SB) 


6 Patients (BB) 


1 Patient (BB) 
1 Patient (VB) 
2 Patients (BB) 
2 Patients (BB) 
1 Patient (BB) 
1 Patient (TN) 


2 Patients (1 VB, 1 TN) 


5 Patients (NA) 


4 Patients (BB) 
1 Patient (VB) 
2 Patients (VB) 
1 Patient (BB) 
1 Patient (BB) 
1 Patient (BB) 
1 Patient (NA) 
1 Patient (BB) 
9 Patients (BB) 


46 Patients 
(32 BB, 70 %) 
(1 SB, 2 %) 

(5 VB, 11 %) 
(2 TN, 4 %) 


Types of lesions 

3 AxA Positional compression 
1 Branch artery occlusion 

5 AxA Positional compression 
1 Branch artery occlusion 

1 AxA Thrombosis 

1 Branch artery aneurysm 

2 Branch artery aneurysms 

2 AxA Aneurysms 

1 AxA Aneurysm 

1 AxA Dissection 

1 Branch artery aneurysm 

1 Branch artery thrombosis 

1 AxA Aneurysm 

4 Branch artery aneurysms 

4 AxA Thrombosis 

1 Branch artery aneurysm 

2 Branch artery aneurysms 

1 AxA Positional compression 
1 AxA Positional compression 
1 Branch artery aneurysm 

1 Branch artery aneurysm 

1 AxA Positional compression 
5 AxA Thrombosis 

2 Branch artery aneurysms 

1 AxA Dissection/Compression 
1 AxA Positional compression 


12 AxA Positional compression 26.1 % 
10 AxA Thrombosis 21.7 % 
4 AxA Aneurysms 8.7 % 
2 AxA Dissection/Compression 4.3 % 
3 Branch artery occlusions 6.5 % 
15 Branch artery aneurysms 32.6 % 


Adapted from Duwayri et al. [1]. With permission from Elsevier 
Abbreviations: BB baseball, SB softball, TN tennis, VB volleyball, NA not available 


accurate diagnosis and thrombolysis may be 
useful as initial management when axillary 
artery thrombosis is present. However, balloon 
angioplasty and placement of axillary artery 
stents should be avoided. Anticoagulation 
should be instituted upon confirmation of the 
diagnosis, along with referral for surgical 
treatment as soon as feasible. Full functional 
recovery can be anticipated within several 
months following surgical treatment, consist- 
ing of mobilization and segmental reconstruc- 
tion of the diseased axillary artery, or ligation 


and excision of branch artery aneurysms, as 
well as concomitant management of any distal 
thromboembolism. 
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Abstract 

Although the least common form of the group, without recognition and 
timely treatment the ischemic complications of arterial thoracic outlet syn- 
drome (ATOS) can lead to tissue loss and thus may cause the most severe 
and disabling sequelae of all. ATOS can present as a single ischemic event 
due to acute thrombotic occlusion of the subclavian or axillary artery or it 
may present more insidiously with extremity pain and fatigue or subtle 
signs and symptoms of digital ischemia. Effective and successful treatment 
of arterial TOS and its direct relative, positional axillary artery compression 
or its branches, requires a high level of suspicion and early recognition. As 
demonstrated in numerous series as well as our own, excellent outcomes 
are achieved with prompt correction of the compressive mechanism and 
appropriate adjunctive revascularization as needed. Failures arise with the 
delay in diagnosis and treatment due to the development of fixed occlusive 
lesions in the runoff arterial beds. Results are excellent in patients with 
subclavian arterial lesions at the first rib, but poorer in those with positional 
axillary artery compression due to non-first rib pathology. 


Introduction ATOS serves as an extreme case in point of the 


devastation that may be caused by a single 


Although the least common form of thoracic 
outlet syndrome (TOS), without recognition and 
timely treatment the ischemic complications of 
arterial involvement (ATOS) can lead to pain and 
tissue loss and may cause the most severe and 
disabling sequelae of all. Fields’ report of a 
stroke in a major league baseball pitcher with 
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thromboembolic event in a high performing, oth- 
erwise healthy athletic individual [1]. As dis- 
cussed in previous chapters, the clinical 
presentation of ATOS may be manifest as a sin- 
gle ischemic event due to acute thrombotic 
occlusion of the subclavian or axillary artery; or 
it may present more insidiously with extremity 
pain and fatigue or subtle signs and symptoms of 
digital ischemia. In either case, timely diagnosis 
and treatment is key to achieving a successful, 
durable result and offer the best chance for an 
excellent long term outcome in this generally 
young, active group of patients. 
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Cumulative Results 


The results of treatment for ATOS are generally 
excellent. Cormier et al. [2] described the long 
term outcome of 55 procedures for subclavian 
arterial complications in TOS. Distal emboliza- 
tion had occurred in 35 (64 %) of the patients. 
Emboli in the arm were treated with transbrachial 
embolectomy but distal emboli in the hand and 
digits were not treated. Thirty-nine patients were 
available for long-term follow-up. There were no 
minor or major amputations and 90 % reported 
complete freedom from any symptoms. Four of 
the patients reported exertional related discom- 
fort in the forearm that was non-disabling. Kieffer 
and Ruotolo [3] also reported excellent outcomes 
in 97 % of treated patients, noting only a single 
digit amputation and just one graft occlusion with 
mean follow-up of 43.7 months. 

In a later report, Durham et al. [4] retrospec- 
tively reviewed the experience at Northwestern 
University with 34 patients treated for ischemic 
complications of arterial thoracic outlet syn- 
drome. Twenty-two patients were found to have a 
subclavian artery injury and 12 lesions of the 
axillary artery or its branches. In the subclavian 
group, all patients underwent thoracic outlet 
decompression. Additionally, 15 patients required 
subclavian artery reconstruction with resection 
and interposition grafting or patch angioplasty. 
Seven patients underwent decompression alone 
and observation for a minimal arterial injury. Two 
of the subclavian arterial reconstructions required 
re-operation; one bypass for graft thrombosis on 
postoperative day 82 with successful thrombec- 
tomy, and a second required excision of a vein 
graft for aneurysmal degeneration and replace- 
ment with a new vein graft. Both of these revi- 
sions remained patent at the time of the report. 
Five patients required axillary artery reconstruc- 
tion, four with vein patch angioplasty, one of 
which had concomitant axillary to interosseous 
artery bypass; and one patient underwent interpo- 
sition grafting with greater saphenous vein. All 
five axillary reconstructions remain patent at the 
time of the report. All of the patients in the axil- 
lary artery group were either higher performance 
athletes or manual laborers. The five patients in 
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this group that did not undergo axillary artery 
reconstruction or decompression were treated 
with modification in their throwing motion or 
modification of their activities at work. There 
were no amputations in this group and all patients 
experienced improvement or relief of their 
symptoms. 

Thompson and colleagues [5] have recently 
reported on their experience in the treatment of 
nine patients with lesions of the axillary artery or 
its immediate branches, which represented 19 % 
of the patients treated on their service with ATOS 
over the past decade. All patients were operated 
upon through an upper medial arm approach. 
Direct repair of the axillary artery with saphen- 
ous vein interposition grafting in five patients and 
thrombectomy with vein patch angioplasty in two 
were performed. Two patients were treated with 
ligation and excision of a circumflex humeral 
aneurysm. Two of the nine patients in the series 
required transbrachial thromboembolectomy 
with intra-arterial thrombolysis and vasodilator 
infusion into the distal vascular bed. All patients 
had an uncomplicated postoperative recovery and 
were subsequently maintained on anticoagulation 
for several weeks. 

Two of the nine patients required secondary 
operative procedures, one at 2 years after experi- 
encing recurrent ischemic symptoms in the digits 
that was found to have distal extension of chronic 
thrombus in the hand as well as stenosis of the 
proximal anastomosis of the saphenous vein 
interposition graft. This patient was treated with 
radial artery thrombectomy, vasodilator infusion 
and balloon angioplasty of the anastomotic steno- 
sis. He required video assisted trans-thoracic 
sympathectomy 2 years later for persistent isch- 
emic digital symptoms. The second patient expe- 
rienced thrombosis of an extended saphenous 
vein bypass graft 1 month post-operatively due to 
proximal compression of the vein graft at the 
level of the first rib. He underwent supraclavicu- 
lar first rib resection and subclavian to axillary 
bypass with externally supported PTFE. This 
new graft occluded at 1 year and was successfully 
treated with catheter directed thrombolysis. Eight 
of the nine patients returned to professional 
careers following treatment for at least some 
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period of time and secondary patency rates of 
100 % and assisted primary patency rate of 89 % 
were achieved. 


The Baylor Experience 


Our own experience in the treatment of ATOS at 
parallels that observed in the previous reports. 
Patency rates and outcomes in our series are 
excellent, with durable arterial reconstruction 
after 9 years and with rare exception, the patients 
return to full strenuous activities, competitive or 
otherwise. 

Over a period of 10 years we have treated 31 
patients with ATOS (unpublished series). At a 
mean follow-up of 37 months, we have observed 
no graft occlusions, graft failures or instances of 
recurrent upper extremity embolization in 23 
patients in the subclavian artery group. All of 
these patients experienced complete relief of 
symptoms as well as resolution of all ischemic 
sequelae in the arm, hand or digits. 

Eight patients comprised our axillary artery 
group, all of whom underwent axillary artery 
reconstruction. Two of these patients, both of 
whom are professional major league baseball 
players, experienced recurrent or persistent isch- 
emic symptoms in their arm or hand, and impor- 
tant observations may be made in the examination 
of these two failures. Both players had presented 
with distal thromboemboli and digital ischemia 
secondary to posterior circumflex humeral artery 
aneurysms. Both players underwent saphenous 
vein interpositioning grafting of the axillary 
artery with exclusion of the posterior circumflex 
humeral aneurysm and preservation of the ante- 
rior circumflex humeral artery. Both underwent 
concomitant brachial artery exploration with 
transbrachial thromboembolectomy. Due to the 
chronicity of the thromboemboli, thrombus 
extraction was unsatisfactory. The brachial artery 
was closed with patch angioplasty and both 
patients were maintained on systemic anti-coagu- 
lation postoperatively. 

One of the professional ballplayers was a 
pitcher and was unable to return to pitching at the 
major league level due to persistent exertional 
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related symptoms in his forearm and hand. He 
went into coaching but continued to experience 
vasospastic problems in the hand and digits. 
Fifteen months following the axillary artery 
reconstruction, he was living and coaching in 
Alabama and underwent re-evaluation with upper 
extremity arteriography for persistent symptoms 
which revealed the saphenous interposition graft 
to be widely patent with no evidence of compres- 
sion with provocative maneuvers. He demon- 
strated persistent distal occlusive lesions from the 
original thromboembolic event. He was placed 
on calcium channel blockade and has done well 
with his current level of activities and avoidance 
of cold exposure. 

The second patient was a shortstop who contin- 
ued to experience vasospastic symptoms in the 
affected hand. A radial artery to radial artery 
bypass graft with saphenous vein was performed 
in an attempt to alleviate these persistent ischemic 
symptoms; however the radial artery reconstruc- 
tion occluded in the early postoperative period, 
most likely secondary to compromised run off in 
the hand. He recovered satisfactorily with dramatic 
improvement in his symptoms. He returned to pro- 
fessional baseball but sequently developed an 
acute thrombotic event of his brachial artery dur- 
ing spring training in Florida. He underwent emer- 
gent brachial artery exploration and thrombectomy. 
Arteriography confirmed that the saphenous vein 
interposition graft placed for the axillary artery 
reconstruction remained widely patent and again 
demonstrated no evidence of any compression 
with provocative maneuvers. Following the throm- 
botic event, he continued to experience profound 
exertional symptoms in the forearm and hand and 
returned to Dallas where we discovered his bra- 
chial artery had rethrombosed. Re-exploration was 
performed with thrombectomy and intraoperative 
arteriography which demonstrated extremely com- 
promised runoff in the forearm. Extended patch 
angioplasty was performed on the brachial artery 
and carried down onto the proximal ulnar artery. 
Completion arteriogram revealed improvement of 
flow into the forearm vessels and hand. His upper 
extremity arterial reconstruction remains patent; 
however, he has elected not to return to his base- 
ball career at the present time. Both of these cases 
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illustrate the long term adverse sequelae of delay 
in diagnosis and treatment for the thromboembolic 
complications of arterial thoracic outlet syndrome, 
and illustrate the difficulties created by extensive 
chronic distal embolization with loss of outflow. 








Cumulative Results 


Review of several series as well as our own reveals 
that thoracic outlet decompression in conjunction 
with judicious, selective subclavian artery recon- 
struction as indicated yields excellent, primary 
patency rates in excess of 90 %, secondary patency 
rates as high as 100 %, as well as excellent durable 
functional recovery in nearly all patients. 

Conversely, patients with positional axillary 
artery compression appear to represent a more 
diverse group in regard to treatment options and 
somewhat less predictable outcomes. The combina- 
tion of the axillary artery patients from the 
Northwestern, Washington University, and Baylor 
series yields a total of 29 patients. This combined 
group is compromised of 13 saphenous vein inter- 
position grafts, 7 vein patch angioplasties with or 
without concomitant thrombectomy, 2 posterior, 
circumflex humeral aneurysm ligation/excisions, 
and 5 patients in whom no reconstructive treatment 
was pursued and simple modification of their activi- 
ties was recommended. Four of the 29 patients 
required secondary or tertiary operative procedures 
for graft thrombosis/stenosis or brachial and/or dis- 
tal arterial thrombosis. This group required more 
adjunctive procedures such as distal arterial bypass, 
vasodilatation infusion, intraoperative thrombolysis 
or subsequent sympathectomy than the subclavian 
group. As expected the more complex multimodal 
therapy required to treat the thromboembolic seque- 
lae in this group resulted in the failure of 10 of the 
29 patients in this combined group to return to full, 
unrestricted symptom free activity. 
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Summary 


Effective and successful treatment of arterial 
TOS and its direct relative, positional axillary 
artery compression or its branches, requires a 
high level of suspicion and early recognition. As 
demonstrated in numerous series as well as our 
own, excellent outcomes are achieved with 
prompt correction of the compressive mechanism 
and appropriate adjunctive revascularization as 
needed. Failures arise with the delay in diagnosis 
and treatment due to the development of fixed 
occlusive lesions in the runoff arterial beds. This 
may result in suboptimal functional recovery due 
to the persistence of exertional related ischemic 
symptoms, or lead to an increased risk of subse- 
quent acute thrombotic ischemic events in the 
setting of a discontinuous runoff bed. 
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Introduction 


Abstract 

Recurrent ATOS is uncommon and can be limb threatening. It can be due 
to several causes including failure to recognize arterial pathology when 
excising cervical or anomalous first ribs, failure to recognize an abnormal 
rib when repairing subclavian artery pathology, thrombosis of a subcla- 
vian artery or a previous arterial repair, or development of stenosis in a 
previously repaired subclavian artery. Patients may present with arm and 
hand claudication or acute upper limb ischemia caused by graft thrombo- 
sis or distal emboli. Depending on the etiology, treatment may include 
excision of an abnormal rib, thrombectomy or replacement of the subcla- 
vian artery or previous bypass graft, or distal embolectomy. In addition, 
the potential contribution of sympathetic nerves to the ischemic condition 
should be evaluated and addressed. 


TOS compared to neurogenic TOS is substan- 
tially higher [1]. Arterial TOS can be separated 


Arterial thoracic outlet syndrome (TOS) is very 
uncommon. It represents approximately one per- 
cent of all patients with TOS, although in the 
pediatric population, the percentage of vascular 
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into two types- complicated and uncomplicated- 
based on whether or not injury to the subclavian 
artery has developed in the form of stenosis, 
aneurysm, distal embolization, or occlusion. The 
majority of cases of arterial TOS, those without 
arterial injury or distal embolization, can be 
effectively treated by thoracic outlet decompres- 
sion without arterial repair, even if mild arterial 
dilation beyond the rib has occurred [2—4]. Future 
development of arterial symptoms is not seen is 
these patients, with rare exceptions [5, 6]. In con- 
trast, those patients in whom arterial injury was 
part of the initial presentation are at risk for recur- 
rence, including those in whom the artery was 
repaired. Recurrence can be limb threatening and 
result in functional impairment [6]. 
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Etiology 


Recurrence of symptoms following previous sur- 
gical therapy for arterial TOS occurs in the follow- 
ing instances: (1) At the first operation, the 
abnormal, impinging rib was excised, but the 
pathology in the subclavian artery and/or distal 
embolic occlusion in the affected arm was not rec- 
ognized or left untreated [7]. (2) At the first opera- 
tion the artery was repaired but the underlying 
osseous defect was unrecognized or left untreated. 
This occurs most often where an abnormal first rib 
is the compressing structure. These ribs can be 
difficult to identify as being anomalous and are 
easily overlooked by surgeons as well as by radi- 
ologists [8]. (3) The initial arterial repair devel- 
oped thrombosis or stenosis. This is seen with both 
vein and prosthetic grafts and has been reported 
following endovascular stent-graft placement into 
the abnormal subclavian artery [9]. (4) Arterial 
occlusion occurs upon halting anticoagulants or 
altering anti-platelet therapy following initial arte- 
rial reconstruction. This signals the likelihood of 
an intra-luminal lesion in the repaired artery. (5) 
Non-arterial neurogenic symptoms may develop 
due to scar formation, which entraps the brachial 
plexus nerves following surgical dissection in 
either the axilla or supraclavicular fossa. An unre- 
sected first rib may be a contributing factor, or the 
entrapping tissue may consist of scarred muscle 
and soft tissue fibrosis [7, 9]. (6) Rarely, arterial 
injury occurs not at the level of the subclavian 
artery but more distally, at the third portion of the 
axillary artery, with compression by the head of 
the humerus or from the overlying pectoralis minor 
muscle tendon. This may be unrecognized at the 
time of initial treatment or during follow-up for 
recurrent symptoms. These patients are frequently 
heavy laborers or high level athletes [4, 10, 11]. 


Pathology 


Two types of pathology are seen in recurrent arte- 
rial TOS: The first is distal emboli to the upper 
extremity, or rarely, retrograde emboli into the 
cerebral circulation, emanating from thrombus in 
a patent but diseased subclavian artery [12-14]. 
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The natural history of distal embolism is 
progressive limb ischemia and limb loss [15]. 
The second pathologic occurrence is subclavian 
artery or bypass graft thrombosis, usually occur- 
ring without showering emboli. 





Symptoms 


Patient complaints may be similar to those that the 
patient presented with prior to the initial operation. 
However, the onset may now be more acute and 
consist of coolness of the arm, cold intolerance, 
paresthesias, color changes, claudication, pain, 
and tenderness of a finger, hand, or palm, and pro- 
gressive weakness of the arm. The cause is isch- 
emia secondary to emboli lodging in the brachial 
artery and distal arterial branches. Alternatively, 
an acute proximal arterial thrombosis results in 
decreased blood flow and oxygenation of the arm. 
Depending on the severity and duration of isch- 
emia, these patients may present with rest pain, 
fingertip ulceration, and tissue loss. 





Physical Examination 


Physical findings may include diminished or 
absent pulses at the antecubital fossa or wrist, a 
pale or cyanotic hand, a recognizable difference 
in skin temperature compared to the unaffected 
extremity, delayed capillary refill, a bruit or mass 
in the neck, a palpable supraclavicular rib, reduced 
blood pressure of the affected limb, hand weak- 
ness, digital ischemia, or early tissue necrosis. 





Diagnostic Tests 


Non-invasive tests of potential use include bilat- 
eral upper extremity segmental pressures and 
wave-forms, finger photoplethysmography, color- 
flow duplex scanning of the subclavian and distal 
extremity arteries of the affected side, and x-rays 
of neck and chest. Early arterial imaging is 
essential, being performed by either CT or MRI 
angiography or by trans-femoral arteriography, 
the latter being perhaps of most use in that views 
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of the hand may be of higher quality. Imaging 
should include visualization from the origin of 
the subclavian artery to the hand vessels. If trans- 
femoral arteriography is selected, the treatment 
team also has access to initiate therapy immedi- 
ately upon interpreting the diagnostic study. 


Management 


Urgent intervention to re-establish blood flow to the 
arm is to be considered in all cases of recurrent arte- 
rial TOS. Initial therapy often employs immediate 
catheter-directed thrombolysis prior to definitive 
operative repair [10]. The decision to use throm- 
bolytics or not is based in part on surgical judgment 
as to whether the degree of ischemia will allow the 
added time necessary for this step in treatment. With 
the use of thrombolytic agents infused directly into 
the obstructed vessels, acute thrombosis and emboli 
may be substantially cleared, whereas chronic 
embolic occlusions often are not [16]. 

The optimal surgical approach will depend upon 
the specific pathology. In every case the subclavian 
artery will require treatment, because it is either 
occluded or acting as the source of distal emboli. If 
bony or soft tissue abnormalities are present, they 
must be removed as the presumed cause of ongoing 
subclavian arterial injury [15]. If distal emboli 
remain after thrombolysis, or if thrombolysis is 
deemed inadvisable, then surgical thromboem- 
bolectomy is required to restore arterial flow. 

When distal arterial occlusion is chronic and 
extensive, with no response to catheter-directed 
thrombolysis, the use of systemic heparin has 
been advocated as initial treatment moving to 
surgical exploration if motor and sensory impair- 
ment persists for greater than 6 h [17]. Intra- 
arterial vasodilator infusion during arteriography, 
followed by 2-4 days of heparin and Dextran 
infusion, has also been used [18]. 





Treatment of the Subclavian Artery 


Ifthe subclavian artery was not previously replaced, 
it almost always requires repair or replacement. 
Open repair necessitates supraclavicular and often 





infraclavicular exposure to provide safe control of 
the vessel. If the artery is patent and on external 
examination appears to be normal, it should be 
opened and visually inspected. Any intra-luminal 
pathology is then corrected [17, 19]. 

The abnormal section of artery may be ame- 
nable to endarterectomy and patch repair, or it 
may require excision with primary repair using 
an end-to-end arterial anastomosis. In other cir- 
cumstances, an arterial bypass graft may be nec- 
essary to restore arterial flow to the arm. Reversed 
saphenous vein or autologous external iliac artery 
have been the preferred graft materials, but pros- 
thetic graft are also acceptable conduits in this 
setting [20]. Re-lining the artery by placement of 
an endoluminal stent-graft is also an alternative 
that may be considered. 





Graft Thrombosis and Embolization 


Ifa subclavian artery bypass graft has thrombosed, 
thrombolytic therapy should be considered prior 
to graft thrombectomy or replacement. Graft 
occlusion usually presents with limb ischemia 
but without imminent limb threat, as often no dis- 
tal embolization has occurred to further compro- 
mise the distal arterial tree (this must of course be 
verified by arterial imaging). As initial therapy, 
either catheter-directed thrombolysis or phar- 
maco-mechanical thrombolysis via a transfemo- 
ral approach, with distal embolic protection, can 
be considered. Thrombolytic therapy does require 
advanced interventional skills and it may not be 
advisable when there is an imminent threat to the 
limb. However, when successful, thrombolysis 
and concurrent interventional treatment of the 
culprit arterial lesion may obviate the need for 
reoperative open surgery. In all other circum- 
stances, open surgical repair of the stenotic or 
occluded graft is recommended (Fig. 88.1). 
When embolization has occurred, the patent 
subclavian artery bypass graft is the most likely 
source of the emboli. The bypass graft can be 
managed by replacement, ligation and bypass, or 
by lining it with an endoprosthesis. In a reopera- 
tive setting, a subclavian-to-distal axillary artery 
bypass may be the safest choice, because of the 





Fig. 88.1 Recurrent arterial TOS. A 44-year-old man 
underwent surgical treatment for a post-stenotic subcla- 
vian artery aneurysm caused by a cervical rib anomaly, 
with resection of the cervical and first ribs and an interpo- 
sition prosthetic graft replacement of the subclavian 
artery. He was asymptomatic until 10 year later, when he 
developed an ankle fracture requiring use of crutches for 
several weeks and developed ischemic symptoms in the 
right upper extremity. (a) Right upper extremity arterio- 
gram demonstrating thrombotic occlusion of the right 


hazards of working in a scarred field in the proxi- 
mal infraclavicular fossa, where the brachial 
plexus cords surround the axillary artery. If exten- 
sive scar makes dissection of the proximal sub- 
clavian artery hazardous, the common carotid 
artery, easily exposed at the level of the omohyoid 
muscle, may serve as a suitable inflow source. In 
this patient population, the carotid artery is usu- 
ally a healthy vessel, and its suitability as an 
inflow source can be further assessed by use of 
carotid duplex scanning or by the arch arterio- 
gram obtained when the upper extremity is 
evaluated. 





Endovascular Stent-Grafts 


In situations where a previously untreated subcla- 
vian artery aneurysm or stenosis is found, stent- 
graft insertion via the transfemoral or brachial 
artery approach offers the possibility of avoiding 
re-entry into a previously dissected surgical field. 
Long-term outcomes with prosthetic endovascu- 
lar stent-grafts are variable, with reports of stent- 
graft occlusion at | year [12]. We have treated 
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subclavian artery bypass graft, with collaterals reconsti- 
tuting the axillary artery and no distal thromboembolism. 
(b) Follow-up arteriogram after catheter-directed intra- 
arterial thrombolytic therapy, which reopened the subcla- 
vian artery bypass graft (arrowheads) and revealed an 
underlying high-grade stenosis at the distal anastomosis 
(arrow). This stenosis was successfully treated by pros- 
thetic patch angioplasty [Courtesy of Robert W. Thompson, 
MD (Washington University, St. Louis)] 


four such patients. Two patients re-occluded 
within the first 3 months, shortly after discontinu- 
ing warfarin, and they were successfully treated 
by thrombolysis and placement of additional 
stents at the margins of the previous stent-grafts. 
These repairs remain patent at the time of this 
writing. A third patient presented with an asymp- 
tomatic decrease in blood pressure in the oper- 
ated left extremity, and was found to have an 
in-stent stenosis which was treated by balloon 
angioplasty (Figs. 88.2, 88.3, and 88.4). Another 
series with a similar experience was reported by 
Malliet et al. [21]. Based on these experiences, 
we now treat patients that have undergone stent- 
graft repair with warfarin for 6 months, before 
converting to long-term treatment with clopi- 
dogrel or aspirin. Importantly, we usually elect to 
correct the abnormal artery using direct open 
repair in this young healthy population. In addi- 
tion, we monitor all subclavian artery interven- 
tions, both endovascular and open, with serial 
color flow duplex scans and upper extremity seg- 
mental pressures and waveforms in order to rec- 
ognize graft narrowing prior to the development 
of thrombotic occlusion. 
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Fig. 88.2 Recurrent arterial TOS. Angiographic images 
depicting a patient with recurrent arterial TOS. (a) Left 
subclavian artery with occlusion before initial manage- 
ment with thrombolytic therapy. (b) Embolic occlusion of 
the left brachial artery, which was subsequently treated by 


thrombolysis. (c) Aneurysm of the left subclavian artery 
visualized after thrombolysis. This was treated with resec- 
tion of the first and cervical ribs and a subclavian-to-axil- 
lary artery bypass using an 8 mm diameter PTFE graft 





Fig. 88.3 Recurrent arterial TOS. Angiographic images 
of patient depicted in Fig. 88.2. (a) Nine months after the 
initial procedure, the left subclavian artery was noted to 
be occluded 2 days after the patient had undergone con- 
tralateral (right) transaxillary first rib and cervical rib 
resection. (b) Complete occlusion of the left subclavian 


Retained Abnormal Ribs 


Bony pathology, when present, usually represents 
an anomalous first rib or unresected cervical rib, 
and as the presumed cause of the recurrence, such 
lesions must be removed. Rib resection can be 
performed through the same supraclavicular inci- 
sion that is used for the arterial repair. 
Alternatively, a transaxillary approach is a rea- 
sonable option, especially if the supraclavicular 
route was used at the first operation and endovas- 
cular correction of the subclavian artery is 


artery bypass graft with distal emboli. Treatment included 
pharmaco-mechanical thrombolysis (Angiojet) followed 
by placement of a 7 mm diameter by 50 mm long Viabahn 
stent-graft inside the previous 8 mm PTFE graft, and bra- 
chial artery embolectomy performed through the brachial 
artery angiographic sheath 


planned. The supraclavicular approach does not 
permit resection of the anterior portion of the first 
rib, but in arterial TOS this is unnecessary. 


Distal Emboli 


The subclavian artery should be treated first, before 
addressing distal embolic occlusions, so that if 
additional emboli are released during the course of 
the subclavian repair, they can be removed during 
the concurrently performed embolectomy. Most 
patients presenting with ischemic fingers and hands 
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Fig. 88.4 Recurrent arterial TOS. Angiographic images 
of patient depicted in Fig. 88.2. (a) At follow-up 15 
months after left subclavian artery stent-graft placement, 
the patient was noted to have 40 mmHg difference in 
blood pressure between arms and an abnormal Doppler 


will have emboli lodged in the brachial and/or fore- 
arm arteries. Open surgical thromboembolectomy 
via an antecubital incision provides an opportunity 
for thorough extraction of emboli causing occlu- 
sion of the arm and forearm vessels. After creating 
a brachial arteriotomy, balloon embolectomy cath- 
eters are passed distally into the radial and ulnar 
arteries, as well as retrograde into the brachial 
artery, until normal proximal pulsatile arterial flow 
is restored. For direct reconstruction, the radial and 
ulnar arteries may also be easily entered by extend- 
ing the “S” shaped antecubital incision to the ori- 
gins of these vessels beyond the brachial artery. 
Balloon embolectomy catheters may be carefully 
passed proximally into the axillary and subclavian 
arteries, taking great care to keep the balloon distal 
to the vertebral artery orifice. 

Completion arteriography may reveal occlu- 
sion of the palmar arch and digital arteries. 
Attempts to perform embolectomy distal to the 
level of the wrist are associated with a high inci- 
dence of early re-occlusion. Intra-arterial infu- 
sion of thrombolytic drugs into the circulation of 
the hand may also be attempted, but to date this 
approach appears to have questionable benefit. 
Experience has shown that if the primary arteries 
proximal to the hand are reopened, distal isch- 
emia will gradually resolve because of develop- 
ment of additional collateral arterial flow [17]. 


signal in left arm. An arteriogram revealed a smooth in- 
stent restenosis of the distal aspect of the stent-graft. (b) 
The in-stent restenosis was treated with balloon angio- 
plasty to 6 mm diameter (Angiosculpt) with resolution of 
the stenosis 


Sympathectomy 


Sympathectomy has long been considered a 
potential adjunct in relieving distal ischemia [17, 
22]. Other authoritative authors consider its use 
to be controversial [3]. Therefore, especially in 
the older surgical literature, it has been common 
practice to include dorsal sympathectomy to the 
operative procedure for any patient who initially 
presents with acute or chronic distal ischemia. 
Two alternatives exist: injection of the sympa- 
thetic chain with a long acting local anesthetic 
during rib resection, or neuromodulation by 
implantation of a dorsal column nerve stimulator 
[23]. The effects of spinal cord stimulation (SCS) 
on vascular tone in the peripheral circulation have 
been studied extensively in the laboratory and 
observed clinically. Research suggests that SCS 
reduces peripheral sympathetic vascular tone, 
augmenting blood flow to both skin and muscle 
in the limb. The effects of SCS are blunted by 
chemical and surgical sympathectomy [24—26]. 
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Abstract 

Arterial thoracic outlet syndrome (TOS) is the least frequent but likely 
most complex form of TOS. It most frequently occurs in relatively young, 
active, and otherwise healthy individuals. It is primarily caused by bony 
abnormalities, such as cervical ribs and anomalous first ribs. In this condi- 
tion, longstanding subclavian artery compression leads to poststenotic 
dilatation and ulceration or aneurysmal degeneration, followed by occlu- 
sive thrombosis or mural thrombus formation with distal embolization to 
the arm and/or hand. Many clinical questions regarding diagnosis and 
optimal management of arterial TOS remain unanswered. The develop- 
ment of an international registry for patients with arterial TOS, along with 
standards for characterizing patients and reporting clinical outcomes, 
would provide useful data to help guide the optimal management of this 
rare and challenging clinical condition. 


Introduction 
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Arterial TOS is the most rare form of TOS and is 
most frequently observed in relatively young, 
active, and otherwise healthy individuals [1-4]. 
The condition is often caused by osseous struc- 
tures, such as cervical ribs, anomalous first ribs, 
fibrocartilagenous bands and hypertrophic callus 
from healed first rib or clavicular fractures [2, 5, 
6]. The pathophysiology is related to longstand- 
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ing subclavian artery compression, poststenotic 
dilatation, and ulceration or aneurysmal degen- 
eration, followed by occlusive thrombosis or 
mural thrombus formation with distal emboliza- 
tion to the arm and/or hand. Due to the rarity of 
this condition, there are no large prospective 
clinical trials involving patients with arterial 
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TOS. Therefore, the diagnosis and care of patients 
with arterial TOS is largely based on principles 
derived from caring for other types of TOS, as 
well as standard vascular surgical techniques in 
dealing with the complications of arterial TOS. 
In this chapter, we explore some of the clinical 
questions related to arterial TOS that need fur- 
ther study and organize these questions into the 
stage of care at which these issues arise. 








Diagnosis and Imaging 


Among patients who present with acute upper 
extremity ischemia, arterial TOS is only one of 
many possible causes. A high suspicion for the 
diagnosis should be considered, however, in 
young patients, especially those who participate 
in athletics or in occupations with repetitive arm 
motion. Initial imaging studies should include 
plain chest and cervical spine x-rays to evaluate 
for osseous abnormalities. Additional imaging 
obtained in the course of treatment for these 
patients should include visualization of the sub- 
clavian artery for the presence of an aneurysm. 
The choice of imaging modality may depend on 
the urgency of the presentation. Computerized 
tomography angiography (CTA) and magnetic 
resonance angiography (MRA) both provide 
excellent imaging of the aortic arch, subclavian 
artery and axillary artery, though anomalous 
bony structures are better viewed with CTA and 
soft tissue structures are better seen with MRA. 

Traditional angiography provides detailed 
imaging of the proximal vessels and the distal 
extremity vessels that are otherwise difficult to 
image with conventional CTA and MRA. 
Visualization of the distal vasculature is particu- 
larly important in patients suspected of having 
thromboembolism. A recently published series 
reported that the incidence of arterial compres- 
sion at the thoracic outlet may actually be under- 
reported [4]. The authors recommend routine 
arterial imaging for patients evaluated with TOS 
who have a bony abnormality or an examination 
that shows an arterial abnormality. 

Uncertainty exists for patients who pres- 
ent with incidentally discovered cervical ribs 


A. Azizzadeh et al. 


or elongation of the C7 transverse process 
(apophysomegaly). The estimated prevalence of 
cervical ribs and C7 apophysomegaly is approx- 
imately 0.75 % and 2.2 %, respectively [7]. In 
the absence of symptoms of arterial TOS, it is 
unclear what imaging or follow up is needed for 
patients who present with incidental cervical ribs 
and apophysomegaly. Since arterial TOS is usu- 
ally asymptomatic until the clinical sequelae of 
aneurysmal degeneration, thrombus formation, 
and distal embolization occur, it is prudent to 
follow these patients with serial imaging. Future 
research, through observational studies, is needed 
to determine the time-course over which arterial 
abnormalities develop and the optimal type and 
frequency of surveillance imaging in this patient 
population. 
Research Directions 
¢ Who should be screened for or suspected of 
having ATOS? 
¢ What is the most appropriate diagnostic test to 
screen for cervical ribs or other osseous 
abnormatilities? 
¢ What is the appropriate follow up for patients 
with asymptomatic cervical ribs or C7 


apophysomegaly? 

¢ What is the most appropriate imaging modal- 
ity to screen for subclavian artery 
aneurysms? 

¢ Do all patients diagnosed with ATOS require 
angiography? 


e¢ What are the implications of arterial signs in a 
patient with neurogenic TOS? 


Treatment 


A selection of published case series of patients 
undergoing surgery for arterial TOS are listed in 
Table 89.1 [1, 2, 4, 5, 8-16]. This review of the 
literature revealed fewer than 450 cases of arte- 
rial TOS reported over three decades. This 
signifies the rarity of this pathology and the 
importance of relying on the clinical experience 
with other types of TOS for the best management 
of these patients. There appears to be a significant 
correlation between arterial TOS and the pres- 
ence of osseus abnormalities, especially cervical 
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Table 89.1 Selected case series on treatment of arterial TOS 


Type of TOS, # of patients 


Author A Vv N C 
Dunwayri [8] 47 178 347 - 
Sanders [21] 11 75 2,375 - 
Degeorges [9] 38 27 15 96 
Urschel and Razzuk 240 264 2,210 - 
[10] 

Jamieson and 29 12 368 = 
Chinnick [11] 

Hempel et al. [12] 18 47 705 - 
Lindgren etal. [13] 3 2 146 24 
Wood et al. [15] 20 20 81 - 


Kieffer et al. [16] 38 
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Treatment Ex/Good 

R F/U years TA SC results (%) 
- 1.2 - 527 89 
- ce 107 69 84 
1,221 - 2,714 a _ 
- 4 380 29 72 
- >2 - 770 86 
- 2 175 - 59 
2 5.5 123 - 89 

3.6 - 33 87 





Type of TOS: A arterial, V venous, N neurogenic, C combined, R recurrent, F/U followup in years. Treatment: TA 
transaxillary, SC supraclavicular, Ex/Good percent of patients with excellent or good results 


ribs and anomalous first ribs [4, 6]. Although the 
transaxillary approach has been utilized by many 
authors to effectively decompress the thoracic out- 
let for neurogenic and venous TOS, exposure and 
reconstruction of the subclavian artery is best 
achieved with the patient supine through supra- 
clavicular or paraclavicular exposure [4, 17]. This 
allows for the greatest surgical access to the sub- 
clavian and axillary vessels, the brachial plexus, 
and the relevant musculoskeletal structures. Using 
a combination of transaxillary and supraclavicular 
approaches has also been reported [10]. 

Surgical decompression with removal of 
osseus abnormalities is recommended for patients 
with arterial TOS. In the presence of a cervical 
rib, removal of both the first and cervical rib is 
often recommended [4, 6, 10, 17], but it is still 
unclear whether removal of the cervical rib alone 
provides adequate decompression. Studies of 
cadavers with cervical ribs have revealed histo- 
logical changes of fibrosis in the lower brachial 
plexus nerve trunks [18]. This evidence suggests 
that neurolysis of the brachial plexus and first rib 
resection may be beneficial in patients who 
undergo decompression for arterial TOS, since at 
least some proportion of symptoms in these 
patients may be attributable to concomitant neu- 
rogenic TOS. For patients with distal emboli and 
compromised circulation in the hand, concomi- 
tant dorsal (cervical) sympathectomy has also 
been advocated [10, 19]. 


For patients with minimal poststenotic dilation 
of the subclavian artery, relief of the proximal 
stenosis without arterial reconstruction is usually 
sufficient [10]. However, no long-term studies 
exist that have followed these dilated segments to 
see if they are prone to later aneurysmal dilation 
or thrombosis, and it is worth emphasis that sur- 
face ulceration and mural thrombus formation can 
occur even with minimal arterial dilatation. It 
appears well established that when authentic 
aneurysmal degeneration of the subclavian artery 
is present, excision of the affected segment with 
interposition grafting is required. However, the 
choice of the optimal conduit for this type of 
bypass is debatable, and use of both autogenous 
and prosthetic conduits has been reported. Long- 
term comparative studies regarding the patency 
rates of different conduits in patients with arterial 
TOS is lacking. Extrapolating the data from other 
anatomical beds, however, it would appear that 
autogenous conduits would be preferable. It is 
notable that there is often a size mismatch between 
the greater saphenous vein (GSV) and the subcla- 
vian artery, making reversed GSV a less than ideal 
choice. Spiral grafts of the GSV may correct the 
size mismatch, but are often cumbersome and 
time-consuming to construct. Use of the autoge- 
nous iliac artery has been described for subcla- 
vian artery repair [20], and other suitable options 
for bypass graft conduits include the superficial 
femoral vein or cryopreserved femoropopliteal 
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artery. The use of prosthetic grafts, constructed 
from either Dacron or polytetrafluoroethylene 
(PTFE), has also been reported, and these widely 
used conduits have excellent outcomes in carotid- 
subclavian bypass procedures for atherosclerosis. 
At present, the choice of conduit for subclavian 
artery reconstruction in arterial TOS appears to be 
largely based on surgeon preference. The use and 
duration of postoperative anticoagulation is also 
widely variable among published studies, but for 
patients with extensive distal embolization who 
undergo thrombectomy and vascular reconstruc- 
tion, a significant period of anticoagulation seems 
advisable. 

Research Directions 

¢ Does removal of a cervical rib or other osseous 
abnormality constitute adequate ATOS decom- 
pression? Do first ribs always need to be 
resected as well? 

e What is the most appropriate conduit for sub- 
clavian artery aneurysm repair? Autogenous 
or prosthetic? 

e¢ What is the most suitable autogenous conduit 
for repair of the subclavian artery? Greater 
saphenous vein, femoral vein, external iliac 
artery, or cryopreserved femoral artery? 

e If autogenous conduits are preferred, is a 
greater saphenous vein with a significant size 
mismatch appropriate? 

e What is the proper management of distal upper 
extremity embolization? Open thrombectomy 
or thrombolysis prior to decompression? 

¢ How soon after thrombolysis should the ATOS 
decompression procedure be performed? 
Same admission, or electively? 


Outcomes and Follow-Up 


The reported results of surgery for arterial TOS 
reveal excellent or good outcomes in the majority 
of patients. Following decompression and arterial 
reconstruction at the thoracic outlet, the status of 
the distal vasculature plays the most important 
role in the functional recovery of the patient. 
Extensive emboli that have led to chronic occlu- 
sion of the forearm and hand vessels are often 
irreversible. Revascularization of the distal 
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vasculature using thrombolysis or open throm- 
bectomy following thoracic outlet decompression 
is recommended in this setting, especially in the 
presence of acute ischemia. Simultaneous dorsal 
(cervical) sympathectomy has also been recom- 
mended by some authors, as a means to optimize 
microvascular circulation and lower the risk for 
digital ulceration or tissue loss [10]. A relatively 
simple classification system has been used by 
most authors to assess functional outcomes, 
graded as follows: (1) excellent results character- 
ized by no pain and an easy return to preoperative 
professional and leisure daily activities; (2) good 
results with intermittent pain that is well toler- 
ated, and a possible return to preoperative profes- 
sional and leisure daily activities; (3) fair results 
with intermittent or permanent pain that is poorly 
tolerated, as well as a difficult return to preopera- 
tive professional and leisure daily activities; and 
(4) poor results when symptoms are not improved 
or are aggravated. The reported follow-up regi- 
men for patients undergoing decompression for 
arterial TOS is unfortunately widely variable. It 
nonetheless seems prudent that patients undergo- 
ing arterial reconstruction for arterial TOS should 
be followed on a regular basis with physical 
examination and noninvasive ultrasound assess- 
ment of upper extremity circulation, and perhaps 
intermittent imaging evaluation. 
Research Directions 
¢ What is the appropriate medical therapy (anti- 
coagulation, clopidogrel, or aspirin) after 
ATOS decompression and subclavian artery 
aneurysm repair? How long should it be 
continued? 
¢ What is the natural history of a subclavian 
artery poststenotic dilation after ATOS 
decompression? 
¢ What is the follow-up regimen of patients after 
ATOS decompression? How often should they 
be seen? What diagnostic tests should be 
ordered? 


Conclusion 

Arterial TOS is the least frequent but likely 
most complex form of TOS. The diagnosis 
and management of these patients is based on 
the cumulative experience of physicians who 
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have expertise in the care for patients with all 
forms of TOS. Many clinical questions regard- 
ing this condition remain unanswered, yet ran- 
domized clinical trials and even satisfactory 
observational studies are not feasible. The 
development of an international registry for 
patients with arterial TOS, along with more 
uniformly-applied standards for characteriz- 
ing patients and reporting clinical outcomes, 
would be an immense step in collecting more 
useful data to help guide the optimal manage- 
ment of this challenging clinical condition. 
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Abstract 

As all who care for patients with this problem can attest, thoracic outlet 
syndrome (TOS) is perhaps the best example of a diagnosis that is slow to 
be made. Symptoms can be obscure and at first mild, many primary care 
physicians are unfamiliar with the syndrome, and some even doubt its 
existence. As a result, the diagnosis is frequently delayed by months or 
even years, and patients are often told that “it’s all in your head” in one 
way or another. 

Although this is a textbook for practitioners, we felt that because of 
these factors hearing about the process directly from patients would be 
extremely helpful. Practitioners who care for these patients pride them- 
selves on doing the right thing, but this is inevitably after the diagnosis is 
made. What does the patient with TOS go through? 
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the process directly from patients would be 
extremely helpful. Practitioners who care for 
these patients pride themselves on doing the right 
thing, but this is inevitably after the diagnosis is 
made. What does the patient with TOS go 
through? 


Vignette 1: A Motor Vehicle 
Accident and Physical Therapy 


One moment can change your life forever. I was 
driving a sleek sports car—my first ever—and 
had stopped for a red traffic light at a city inter- 
section. My mind relaxed, wandered briefly. 
Presto: the light turned green. My foot pressed 
the gas. My eyes locked on the road ahead. 
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I didn’t see the car that whizzed toward the 
intersection. I didn’t see as it came from the right, 
a streak of dark green appearing out of nowhere. 
In seconds, it slammed into the passenger side of 
my car, bound us together, twirled us around in 
sickening choreography and then flung us apart. 
Two thousand pounds of metal and I hadn’t seen 
it—that is, until it was too late. 

It took 72 h to realize something wasn’t right. 
No bones were broken; no skin punctured. No, 
but suddenly the injury became so hellish, so 
hard to explain—it was here, it was there. Why 
was sitting so excruciating? Why did turning my 
head from side to side feel like someone was 
knifing me in the back and in the chest at the 
same time? Why did the left side of my face 
hurt—what the hell was all this tugging? People 
thought I was nuts: Tugging? 

Over the next few months I understood: every- 
thing that used to be pleasurable was now the 
opposite. Honey, don’t touch my hair—it hurts. 
Dad—no, please, don’t hug me; it hurts. Dinner 
and a movie—oh, absolutely not. My idea of a 
good time involved being prone for 10 min with- 
out pain. Hello, thoracic outlet syndrome. 

Over the next 5 years, until the syndrome began 
to abate, pain sought me out. It moved and mor- 
phed inside my body, it elongated time. It was 
crafty and powerful, something, I finally realized, 
much too complex to be harnessed by the single 
word pain. So I stretched my vocabulary. To name 
each instance of pain was one small step towards 
conquering it—or so I believed. I tossed out “hurt.” 
In its place came replacements: seared, throbbed, 
ached, and burned, shattering. One pain was so 
fast and sharp it crackled through my arm: only the 
metaphor of an electrical shock would do. 

Here’s what I know now: Thoracic outlet syn- 
drome is essentially a disorder of nerve compres- 
sion. It creates a symphony of responses in the 
body—that’s a polite way to say you never know 
when the pain is going to land or even where the 
pain’s going to hit. It might center with singular 
precision or spray, like machine-guy fire, with 
wild abandon. Oh, what a tangled web. You’ve 
got nerves that run through your neck and chest, 
pass through the space above the collarbone, ride 
into your arm, reach below your shoulder bone, 
for example. Offshoots from these nerves turn 
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backwards to the spine, greedily including the 
neck and head in front, the shoulder blades in 
back, and downward, into chest and breast. And 
each nerve has the ability to cause exquisite pain. 

Activities of daily life (ADL’s), those benign 
tasks that include getting dressed, changing 
sheets, shampooing hair, washing dishes, vacu- 
uming the carpet, shopping for groceries—these 
were my enemies. I hated ADL’s; they had to be 
done and yet were my downfall, causing my 
symptoms to flare wildly. Driving was one of the 
worst triggers. Turning the steering wheel, swiv- 
eling my head during a routine parallel park, 
bouncing—ouch—over a pothole, each caused 
pain to rip through me. 

I was eventually referred to a physical therapist 
who initiated the ENVEST protocol that taught 
me how to heal myself. Life moved forward, bit 
by bit. The ENVEST protocol was working. My 
daughter, three at the time of my accident, turned 
four, then five, then six. At some point, I decided 
not to look back. No, I’d never ice skate again, nor 
jog 4 miles, nor swim a mile three times a week. 
I’d never write a book, as I had done before. But I 
could take a walk with my kid. I could take on 
short writing assignments. I bought voice recog- 
nition software, to save my hands and arms and 
chest even, from the distal impacts of tapping the 
keyboard. I bought a standing workstation so I 
could work without sitting down. I committed to a 
mantra: forward motion. I asked for help with 
things large and small: “Hey—could you unscrew 
the lid from that jar for me?” 

Fast forward to today. I wake up without pain. 
I go to sleep without pain. I drive (with a steering 
wheel redesigned especially for those with a dis- 
ability) all over town. I walk almost 4 miles a day. 
I swim—slowly, yes, and not nearly as far as I 
used to—in a warm (92°) pool for the disabled. I 
do my own grocery shopping. I cook. 





Vignette 2: Repetitive Data Entry 
and Physical Therapy 


There is hope. I suffered with shooting pains in my 
arms for the past 7 years. Over the last year it crept 
up into my chest and right armpit and shoulder and 
I was diagnosed with Thoracic Outlet Syndrome 
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(TOS). I laid on the floor at work and cried every 


night at home. With physical therapy guidance I 
‘am 95 % better. I still have flare-ups and it is not 


smart for me to sit for periods of more than an hour. 

I now know what to do to help myself get better 

and I’m not in fear. My break through came New 

Year’s Eve 2010 weekend — the extreme chronic 

pain transitioned into discomfort and sensation. 
Here are some observations taken from my 

experience: 

¢ Itis important to stay within the boundaries of 
the exercises that were given to me. I am 
tempted to do more — to push — but that is not 
the way to healing. More is not better. Stay in 
the range where exercises feel good. 

* Thinker Pose is KEY. This is what led to my 
breakthrough on New Year's Eve. I thought 
this was a silly exercise. Once I finally started 
doing it all the time, I was 50 % better in 
1 week. I still do it when I get up from sitting, 
get up from the toilet, open doors, carry bags 
and get out of the car. 

¢ Do breathing exercises slowly and pay gentle 
attention. I slow down until I feel the swampy 
feeling in my shoulder move and let go. I 
begin to feel the shoulder-joint area loosen. I 
breathe and rock the pelvis until I feel the 
swampiness loosen in my shoulder and it 
begins to creak and move. 

¢ I’m always aware of dropping my breath into 
my lower belly when walking. This gets it out 
of my chest where tension can build. 

¢ For me, doing two sets of breathing/walking/ 
breathing per day worked. So that would be an 
hour’s worth of physical therapy twice per 
day. One set before lunch and one before din- 
ner. The trio of breathe/walk/breath allowed 
things to loosen up more with the second 
breathe session each time. 

¢ Hot baths help relax everything. 

e Stay warm, especially in chest area. 

¢ Make the floor your friend. I lay flat on my 
back a lot. 

¢ Download and relax to Scott Gauthier’s Welcome 
to Earth. Guided relaxation. AMAZING. 

¢ Thermacare heat packs (buy at drugstore) can 
be stuck to the chest and worn all day. 

e Main thing that changed everything was doing 
the Thinker Pose with my strong arm and 
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using the weak arm to reach in the cupboard, 
slip on shoes, open a drawer, push a door, and 
pick up anything. 

Let people help you. 

Move slower. I don’t do any sudden move- 
ments. I move throughout the house more gen- 
tly. Jerky movements inflame my pain. 
Sleeping: When sleeping on my back I prop 
up my Right shoulder (injured shoulder) with 
a pillow so there is no gravity pulling down on 
it. When sleeping on my side, I sleep on my 
Left side. I pile two big pillows on top of each 
other and hug them so my right arm is draped 
over them, parallel to the bed, propped up 
high. 

Work: I changed my career so that I don’t have 
to sit in front of a computer all day. I decided 
to leave to pursue a career in teaching high 
school. 

It is hard for me to get on the floor sometimes 
but once I’m there the exercises feel so good. 
At first they didn’t feel like anything. Now I 
love them. 

Stand and sway or lay on the floor. Do as little 
sitting as possible. 

Do exactly what protocols say to do. It will 
work. I had to suspend my disbelief because 
all the exercises seemed like they couldn’t 
possibly do anything. 

Do not assume that because you completed an 
exercise on | day, you can do it without pain 
on the next day. 

You must do the exercises mindfully and 
incrementally to determine if they are causing 
pain. Rushing through them can cause a 
setback. 

Working Too Hard to Progress: Just because 
you are not progressing to the next exercise, it 
does not mean the pain will stay longer. Much 
relief can be had from the simple breathing 
exercises, the thinker pose, and the adjustment 
to your daily living. 

Do not try to force yourself through each stage 
of the exercises hoping to get to the next one. 
If you feel pain, any pain, stop. It might be that 
you even need to skip or modify an exercise 
because you are not able to do it without pain. 
Work with the physical therapist closely to 
determine what works for you. 


638 


¢ Don’t Say I Can’t: I always say pain is a great 
motivator. Yes, the exercises take up quite a bit 
of time, especially in the beginning. As you 
begin to work them into your day you will 
learn to do them more efficiently. 





Vignette #3: Venous TOS and Surgery 


I could always click my clavicles as a child. The 
loud crunching sound made by my clavicles 
caused my parents significant distress. We sought 
the medical advice of pediatricians, pediatric 
orthopedists, and orthopedists. Each physician 
reassured us there was nothing wrong. I noticed 
as a teenager my arms, specifically by biceps and 
deltoids, were large for my small frame. During 
my freshman year of college, I threw a heavy 
tote-bag over by left arm and immediately expe- 
rienced shooting, electric-like pain throughout 
my left arm. Eager to stay at school, I ignored the 
numbness, low-grade throbbing, and swelling in 
my arm for several days. When my parents vis- 
ited me 4 days later my dad, a physician, com- 
mented on the large size and firmness of my left 
arm. An abnormal spider vein in my left arm led 
my father to suspect I had Paget-Schroetter syn- 
drome, but my lack of other symptoms like hand 
swelling and arm discoloration made him uncer- 
tain of this diagnosis. Again, determined to 
remain at school I dismissed my father’s 
concern. 

Unconvinced by my reassurances, my father 
decided to ultrasound my left arm the following 
day. With his diagnosis of Paget-Schroetter syn- 
drome confirmed by the ultrasound I went to the 
hospital where I had a venogram—yet another 
confirmation of the diagnosis. Subsequently, I 
underwent a balloon dilation of the occluded sub- 
clavian vein which failed. I then received 24 h of 
catheter directed thrombolysis followed by repeat 
balloon dilation; both of which failed. My physi- 
cians advised that I have a rib resection. Both the 
surgery and a postoperative balloon dilation 
attempt failed to open the occluded vein. At this 
point in time, I was discharged from the hospital. 
Over a 12 month span, the swelling slightly 
decreased in my left arm. Eighteen months later I 
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have several prominent, non-bulging veins that 
can see by the naked eye. Based on my experi- 
ence, I highly recommend patients with TOS 
make sure their physicians are well educated 
about this diagnosis. 





Vignette #4: Bilateral VTOS 
and Secondary NTOS and Surgery 


I was diagnosed with bilateral venous thoracic 
outlet syndrome. I underwent urgent surgery on 
my left side, and 3 months later I elected to have 
surgery on my right side. My postoperative expe- 
riences significantly differed. 

After undergoing an urgent rib resection on 
my left side, which failed to open the occluded 
vein, I developed increasing electric-like pain in 
my arm and back over the next 6 months. Three 
months after my first emergent surgery I had an 
elective rib resection on my right side for VTOS. 
Immediately postoperatively I experienced high 
levels of pain which necessitated that I take pre- 
scription pain medication for 3 weeks. Within a 
day postoperatively, however, I began moving the 
arm and performing nerve glides. I performed 
these nerve glides three times a day for the first 
6 months, and 18 months later I still perform 
these stretches twice a day. These simple exer- 
cises significantly increase arm and shoulder 
mobility and dramatically reduce nerve pain. 
When my pain from the right-sided elective sur- 
gery started to taper off 4 months after the opera- 
tion, I suspected the intensifying pain on my left 
side was abnormal. I decided to seek a second 
opinion when I realized my decision to defer my 
spring semester of college was based on the con- 
tinued postoperative pain from the earlier surgery 
(left) rather than the postoperative pain from the 
second surgery (right). 

Based on my symptoms, which comprised of 
severe, electric-like shocks radiating throughout 
my arm and back, my second opinion physician 
suggested that the problem was secondary NTOS 
due to scar tissue formation and perhaps inade- 
quate rib resection and that I have a reoperation. 
Eager to try any remedy that would provide me 
with enough relief to sleep at night and function 
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during the day, I agreed. Postoperatively, the sur- 
geon noted the rib and cartilage had grown back, 
and the vein still remained occluded. Immediately 
after surgery the severe electric-like pain in my 
arm and back significantly decreased. My pain 
levels from the surgery required that I remain on 
prescription pain medications for approximately 
3 weeks. After the 3 week period, I took and still 
continue to take non-opiate prescription and non- 
prescription anti-inflammatory medications. A 
day after the surgery, however, I again started 
nerve glides twice a day, and I still a year later 
perform nerve glides twice daily. My pain levels 
were significantly reduced postoperatively to the 
extent that I could return full time to college. I 
experienced and still experience, 12 months after 
surgery, electric-like pain in my back and arm 
along with general muscle pain and inflammation. 
To help alleviate some of the nerve pain, I apply 
a lidoderm patch nightly to the symptomatic area. 
I also go for weekly massage appointments and 
apply heat to the symptomatic areas; both treat- 
ments seem to significantly reduce the muscle 
pain. I experienced and am still continuing to 
experience the most promising gains from acu- 
puncture. I started treatment 8 months postopera- 
tively. After three treatments the swelling in my 
left arm significantly reduced, and now both arms 
look nearly identical. Some 3 months after start- 
ing acupuncture, the nerve pain in my arm and 
back has significantly reduced. And, overall my 
mobility has dramatically increased. In my opin- 
ion, clinicians should encourage their patients to 
try nerve glides and acupuncture because I per- 
sonally derived great benefits from both. 





Vignette #5: Recurrent NTOS 
(in a Physician) 


In 2005, I began experiencing pain and numbness 
in my left hand when operating. An EMG ruled 
out carpel tunnel syndrome, but a MRI revealed a 
small C6—-C7 disk protrusion. The physicians 
thought this was the etiology of my pain and I 
was treated with multiple spinal steroid injec- 
tions. As my symptoms progressed, it increas- 
ingly affected my clinical abilities. Unsure if my 
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diagnosis was correct, I went to a tertiary care 
center where I was diagnosed with bilateral 
NTOS. I underwent an unsuccessful first rib 
resection on my left side followed by an equally 
unsuccessful anterior scalenectomy. 

By this time, my pain and numbness had pro- 
gressed where I was no longer able to perform 
surgery or clinic work that required my arms to 
be elevated. I was forced to close my practice. 
Over the next 4 years, my symptoms and quality 
of life worsened. I contacted my previous sur- 
geon at the Mayo Clinic and inquired about try- 
ing the surgery on my right side. The response 
was no, since the previous surgery had not worked 
on the left. 

I then started researching other physicians that 
were doing work in TOS and sought a “third 
opinion.” After an evaluation and review of the 
previous surgery, this surgeon agreed to perform 
surgery on my right side. He performed a right 
first rib resection, full anterior and middle scale- 
nectomy, and pectoralis minor tenotomy. Within 
a couple of months, I could see a clear improve- 
ment. I returned 3 months later and repeated the 
surgery on the left side, and continued aggressive 
physical and occupational therapy over the next 
year. By Sept of 2011, I was able to return to my 
practice of obstetrics and gynecology with no 
restrictions. I am very grateful to this surgeon and 
his team for their willingness to try other proce- 
dures and for restoring my ability to practice 
medicine, and want to emphasize the critical 
importance of seeking care from a team that con- 
centrates on this disorder and ensuring that when 
surgery is performed it is proper and complete. 


Vignette #6: An NTOS Journey 


The phone call from my physiatrist was abrupt — 
“The good news is that you don’t have a blood 
clot; the bad news is that I’m pretty sure you have 
Neurogenic Thoracic Outlet Syndrome.’ My 
heart sank-- I knew it was a difficult diagnosis 
already, having spent 3 years, with three physi- 
cians, undergoing a myriad of exams and tests; 
and I also knew how difficult of a condition it was 
to treat. Already having been in physical therapy 
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under his care, my physiatrist went on to tell me 
that he really didn’t have any resources for me to 
consult and that most times when he made a sur- 
gical referral, the physician on the receiving end 
would run the other way to avoid a TOS patient. 
Continued PT was his recommended protocol; he 
didn’t know of anyone in my metropolitan area 
that he’d trust with my case. How could that be— 
with all of the renowned area hospitals and two 
world-class medical schools, was there no one 
here who could help me? 

So, I did what most people do— I went right to 
the internet. If you have seen a patient with TOS, 
you know we are a desperate, and consequently 
resourceful group. We spend hours on the inter- 
net, we pore over published papers, we dwell on 
websites and blogs with information and case 
studies, and we search for the best physician 
teams in the country. I visited the websites of 
every hospital organization in my state looking 
for a specialist, but to no avail. One specialist was 
identified and excitedly e-mailed, but was found 
to be comfortably retired with no one having 
taken over this portion of his practice. Through 
our e-mail engagement, however, he found me a 
referral, and when I began to do my research I felt 
like I had found the Holy Grail I had been 
seeking. 

I can trace my symptoms back to 2006, start- 
ing with pain in my right wrist, forearm and 
elbow. My PCP suspected carpal tunnel syn- 
drome, but all of the neurological tests were nor- 
mal. Possibly tendonitis? A few rounds of steroids 
improved the situation temporarily. Then blow- 
drying my hair or holding a telephone caused my 
arm to ache and feel as heavy as a boulder. I have 
been a fitness fanatic my whole life, and had 
recently changed my workouts to include rowing 
and aggressive yoga practices with repeated plank 
poses, push-ups and hand stands. We surmised 
that the new symptoms had something to do with 
this new regimen, so I abandoned these forms of 
exercise. Over the next year or so, these new 
symptoms would not subside, and progressed to a 
constant dull pain on the right side of my neck 
and upper back. By this time, I had a cadre of 
professionals lined up to help deal with these dis- 
tressing symptoms— IJ had a chiropractor, accu- 
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puncturist, massage therapist, and a Reiki 
practitioner. I was spending about $100 per week 
on all of these pain management techniques! 

In 2009 I became desperate for a diagnosis 
and treatment. I was quite frightened when now 
my right hand would turn cold to the touch, and 
change to a mottled pink color when I would par- 
take in various activities, especially using my 
computer every day. Arms at my side— pink and 
tingly right hand; arms extended at a keyboard— 
cold right hand; arms overhead— ache in right 
arm; and still the persistent pain in the neck. I 
couldn’t even tell the temperature of my son’s 
bath water with my hand. I began working with a 
physiatrist who suspected TOS after his first clin- 
ical exam. An MRI of my neck and C-spine 
showed no abnormalities, so he prescribed PT. 
Unfortunately, this resulted in no improvement 
and even a worsening of the symptoms. The phy- 
sician found a new PT to work with who suppos- 
edly had experience with the condition— but that 
was no better. Then more MRIs and a dynamic 
arterial Doppler test led to the phone call men- 
tioned above. 

That’s when my search for a knowledgeable 
physician led me to the right place in 2010. I 
assembled a binder that captured the 4 years of 
my journey— test results, PT reports, dictated 
physician office visit notes, and even my own 
symptom log. During our first visit, I knew I had 
found the right physician who had expertise in 
the condition, and the understanding of what I 
had endured to bring me to travel 600 miles to 
find him. He made the diagnosis of NTOS, and 
with information from a scalene muscle block, 
believed that both my anterior scalene and pecto- 
ralis minor muscles were involved. We agreed to 
try more PT with coordinated care through the 
TOS specialists at his center. After a year of min- 
imal improvement, we again conferred and 
weighed the options of full decompression sur- 
gery vs. isolated pectoralis minor tenotomy 
(PMT). After discussing success rates and recov- 
ery times, I decided that PMT alone was the 
option I wanted to pursue as a next step, and in 
June, 2011, this was done. The surgery went as 
planned and I remain in physical therapy now 
4 months later. 


90 TOS: The Perspective of the Patient 


641 








I wish I could report a full recovery from all 
of my NTOS symptoms. The pain in the right 
side of my neck has been significantly reduced 
and my hand no longer turns pink; however, the 
intolerable cold right hand and achy upper arm 
symptoms are still with me. Also, new symptoms 
are present now— numbness during the night that 
wakes me up from sleep and periodic paresthe- 
sias during the day. Most upsetting is that I now 
have symptoms on my left side, which were 
likely masked due to the magnitude of the right- 
sided problem- and I do have bilateral cervical 
ribs. I have no regrets in my decision to undergo 
the PMT as a first step, but am now at a cross- 
roads: Do I accept these distressing symptoms 
that interfere with my daily life as my “new nor- 
mal”, or do I undergo a full decompression sur- 
gery and hope for a full recovery? As crazy as it 
sounds, I have found myself wishing my condi- 
tion had presented as venous TOS-— then there 
would have been a clear decision to operate 
further. 

Thinking back over the past 5 years, I can give 
you countless examples of how my life has 
changed due to my NTOS. I think you have an 


idea of the time, money and resources I have 
invested into my treatment. I am an executive at a 
Fortune 500 company and I avoid business travel 
as best I can, because I know that pulling my 
briefcase or suitcase on wheels through an airport 
will cause a flare-up of symptoms. I use a heating 
pad or ice pack at least a few times each week 
before bed. Riding a bike with my 9-year old son 
is very painful, and I can no longer throw around 
a baseball with him or join him in bowling. I 
spend time wondering if this condition will 
degenerate even further and impact the use of my 
arms. I worry that I won’t be able to hold a grand- 
child because my arms will ache, and I am con- 
cerned that my condition will continue to 
degenerate and that I will possibly suffer from 
permanent nerve damage. 

Is my condition terminal? Absolutely not: I 
know there are many more consequential diagno- 
ses I could have than NTOS. Unfortunately, the 
symptoms, the unpredictability of whether each 
day is going to be a “good day” or a “bad day”, 
and the sheer pain and discomfort are with me 
every single day and serve as constant reminders 
of this chronic, difficult condition. 
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Abstract 

Surgery for Thoracic Outlet Syndrome (TOS) is associated with potential 
injuries. The thoracic inlet, where surgery for neurogenic, venous, and 
arterial TOS is performed, is a compact anatomic region containing the 
brachial plexus, phrenic nerve, long thoracic nerve, subclavian vein and 
artery, and pleura of the lung. The nature of injury is often related to the 
specific operation performed, and neurovascular injuries following tho- 
racic outlet decompression are much more likely to result in disability than 
such an injury in the lower extremity. Paramount to preventing injuries to 
the neurovascular bundle of the upper extremity and associated structures 
is a thorough understanding of the region’s anatomy along with knowl- 


edge of common and uncommon variants. 


Introduction 


Surgery for Thoracic Outlet Syndrome (TOS) is 
fraught with potential for injury to critical struc- 
tures. The thoracic outlet, where surgery for neu- 
rogenic, venous, and arterial TOS is performed, 
is a compact anatomic region containing the bra- 
chial plexus, phrenic nerve, long thoracic nerve, 
subclavian vein and artery, and pleura of the lung. 
Pneumothoraces are the most common complica- 
tion, and hardly avoidable as the pleura forms the 
posterior surface of the rib and is open during rib 
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resection [1]. However, injury to any of the other 
structures may occur during thoracic outlet 
decompression and can often be associated with 
significant morbidity. The nature of injury is 
often related to the specific operation performed. 

Neurovascular injuries following thoracic out- 
let decompression are much more likely to result 
in disability than such an injury in the lower 
extremity. Femoral nerve paralysis, for example, 
may simply prevent extension of the knee joint, 
and a peroneal nerve injury is well treated with 
bracing. If an upper extremity nerve injury does 
occur, however, particularly to the brachial 
plexus, substantial implications follow because 
the use of the hand is so important. Morbidity is 
also greater because exposure is more difficult — 
while access to proximal arteries in the lower 
extremities is easily accomplished using a 
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retroperitoneal approach, for example, upper 
extremity vascular access can require median 
sternotomy, a trap door incision, or even clavi- 
culectomy. Paramount to preventing injuries to 
the neurovascular bundle of the upper extremity 
and associated structures is a thorough under- 
standing of the region’s anatomy obtained through 
high quality imaging, along with knowledge of 
common and uncommon variants. This chapter 
will review the available literature and current 
recommendations for nerve and vascular injuries 
which occur during surgery for the TOS. 


Nerve Injuries 


Irrespective of the surgical approach — transaxil- 
lary, supraclavicular, or any combination thereof, 
the overall risk of nerve injuries is similar, rang- 
ing from 0 to 2 % for phrenic and long thoracic 
nerve injures but higher for brachial plexus and 
perhaps when scalenectomy is _ performed 
(Table 91.1) [2-5]. 

Interestingly, there is no clear evidence that 
neurovascular injuries are specific to the experi- 
ence or training of the surgeon, and even experi- 
enced and well trained surgeons may have one or 
more of these complications. This is probably 
due in part to the anatomic variability common in 
this region. Roos described the fibrous bands and 
muscle abnormalities that may occur in the region 
as normal variants [6]. Perhaps the most concern- 
ing anatomic variability is in the brachial plexus 
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itself, nicely described by Tibbs and colleagues 
[7, 8]. The brachial plexus classically is made up 
of the C5 to Tl nerve roots. However, the bra- 
chial plexus may be “prefixed,” meaning it has a 
large C4 and small T1 contribution, or “postfixed,” 
meaning a small contribution from C5 and a large 
contribution from T2 — in other words, it may be 
either more proximal or more distal on the axial 
spinal column. In a patient with a postfixed bra- 
chial plexus (large contribution from T2), for 
example, excessive traction or inadvertent dissec- 
tion may result in damage to this structure. The 
brachial plexus is also further affected by abnor- 
malities within the cervical spine as well as by 
variable interdigitations of nerve fibers within the 
brachial plexus itself. In fact, the traditional der- 
matome distribution described in many anatomy 
texts is only a rough guide to the high degree of 
variabilities seen in the brachial plexus [8]. 
Nerve injuries can occur as the result of either 
traction or transection. Traction injuries may 
occur during transaxillary exposure as the result 
of excessive force placed on the arm, or during 
supraclavicular exposure as the result of nerve 
retraction. There is a higher preponderance of 
phrenic nerve injuries with a supraclavicular 
approach as one would expect. There appears to 
be a similar distribution in brachial plexus inju- 
ries between the two approaches, however 
(Table 91.1). The long thoracic nerve may be 
injured during either supraclavicular or transaxil- 
lary exposure. As encountered during supra- 
clavicular exposure, the long thoracic nerve 


Table 91.1 Complications associated with thoracic outlet surgery: a comparison of different procedures 


Operation 
Injury Author transaxillary 
Plexus Sanders 2.7 % 
Sharp 3.5 % 
Leffert 12 
Chang (NIS) 0.6 % 
Phrenic Sanders 0.9 % 
Axelrod 
Long Thoracic Sanders 0 
Arterial Sanders 0 
Venous Sanders 2 
“Vascular” Chang (NIS) 1.74 % 
Pneumothorax Sanders 9% 


Anterior/middle Supraclavicular first rib 
scalenectomy resection 
2.5 % 
37.5 % (small series) 
6% 2.2 % 
0.6 % 
0 0.4 
0 0.4 
1.4 1.1 % 
0.4 % 2.5 % 
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emerges from the middle scalene, where it is vul- 
nerable during dissection of this muscle and 
exposure of the rib, and courses laterally. The 
nerve then passes along the thoracic wall and can 
be seen and injured during a dissection of the first 
rib in the transaxillary approach. In most 
instances, this results in winging of the scapula 
that is of little consequence, and if injury is due to 
traction, it often resolves with time. However, the 
lack of stability in the shoulder joint may produce 
abnormalities in other muscle groups and create 
new symptoms, and the winging itself may cause 
significant disability in a person whose vocation 
or avocation requires use of the arms over the 
level of the shoulders. 

It should be noted that nerve injuries described 
in the literature are almost always self-reported 
by the operative surgeon and not by an unbiased 
observer. Cherington described five patients who 
underwent thoracic outlet surgery and were seen 
independently by the author [9]. All five had clear 
evidence of injury to the brachial plexus with the 
ulnar nerve being predominantly affected. In two 
other cases, the patients suffered significant post- 
surgical complex regional pain syndrome (CRPS), 
and one also experienced substantial hemorrhage 
during the operative procedure. While this is in 
no way an unbiased sample, it is probably safe to 
say that the literature probably provides an under- 
estimate of the true incidence of nerve injuries. In 
a recent retrospective review of the Nationwide 
Inpatient Sample Database (sampling cases from 
1993 to 2003) Chang found that of a total of 
2,016 cases, 12 patients (0.6 %) suffered brachial 
plexus injuries and 35 (1.74 %) vascular injuries 
[10]. There was no difference between teaching 
and nonteaching hospitals for brachial plexus 
injury. 

The management of nerve injuries is evolving 
[11-15]. Microsurgical techniques have evolved 
to the point where distal nerve transfers are more 
effective than reconstruction of a brachial plexus 
injury. Nerve regrowth is 1-1.5 mm/day, but 
unfortunately the motor endplates may degener- 
ate before the nerve completely regrows 
(12-18 months). Furthermore, if too much time 
has elapsed from the injury to the time of referral 
the endplate may have degenerated. Direct nerve 
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repair is thus only recommended if regrowth of 
the nerve is anticipated to occur before motor 
endplate degeneration. For laceration injuries, 
direct repair or grafting may be performed. For 
traction injuries, observation for at least 3 months 
is recommended since many such problems will 
resolve spontaneously [12, 15]. For all these rea- 
sons, while repair can be attempted at the initial 
surgery, it is better to observe the patient’s recov- 
ery and then to perform a peripheral nerve trans- 
fer if a permanent problem is present. By the 
same token, it is critically important not to wait 
beyond the time in which the muscle so deterio- 
rates that reintervention is of little effect. 

EMGs should be performed at 3 and 5 months. 
If nerve recovery does not occur at 5 months, 
peripheral nerve transfer should be performed 
prior to atrophy of the neuromuscular junctions. 
Nerve grafts have been performed in proximal 
lesions, but again because of the long distance of 
nerve regeneration required they have been less 
successful than nerve transfers. In patients in 
whom the injury is delayed beyond 6 months in 
which there is no chance for nerve transfers to be 
effective tendon transfers may improve upper 
extremity function. The most important factor 
regarding upper extremity function is flexion at 
the elbow joint and some apposition of the 
digits. 





Vascular Injuries 


Vascular injuries during thoracic outlet surgery 
are rarely reported, both because of their rarity 
but also probably because they are simply fixed at 
that time. In addition, there is little long-term 
data on outcomes associated with these proximal 
injuries. Finally, many neurologic injuries prob- 
ably occur as the “result” of a vascular injury as 
inadvertent clamping of nerves may occur during 
attempts to control excessive bleeding. 

In Changs NIS analysis, vascular injuries 
occurred in 1.74 % of cases, and, in contrast to 
nerve injuries, occurred at a higher rate nonteach- 
ing (2.69 %) versus teaching (1.34 %) hospitals 
(p=0.03). The nature of each injury was obvi- 
ously unknown [10]. Sanders found that venous 
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injuries occur more commonly during transaxil- 
lary exposure (2 %) versus scalenectomy or supr- 
aclavicular first rib excision (0.4 and 1.1 % 
respectively) [3]. Most vascular injuries are asso- 
ciated with avulsion of side branches with trac- 
tion, and are simply managed by clipping or 
suture repair. Such side branch arteries include 
the thyrocervical or costocervical artery branches 
of the subclavian artery, or the superior or lateral 
thoracic artery branches of the axillary artery, 
and even ligation carries with it no clinical conse- 
quence. Venous tributaries of the axillary and 
subclavian veins may similarly be injured and are 
best treated with packing and suture ligation. 
Because of the limited visibility during transaxil- 
lary rib exposure and the use of very large instru- 
ments such as a right angle rib cutter, 
“past-pointing” may occur beyond the rib leading 
to vessel injury. For this reason, many surgeons 
have opted to use Kerrison rongeurs or another 
mechanism to increase visibility (endoscopes) 
and take every action to protect the vascular 
structures. Venous vascular injuries which occur 
at the costoclavicular junction may be difficult to 
control depending upon’ the — exposure. 
Transaxillary exposures are the most difficult and 
may require the patient’s wound be packed and 
placed in the supine position for an anterior 
approach. The reader is cautioned that an infra- 
clavicular approach does not usually allow expo- 
sure proximal enough to repair such an injury, 
and a supraclavicular approach is likely best. 





Comment 


The patient should be made aware of these 
potential complications prior to surgery for 
TOS. Because of the catastrophic nature of these 
injuries, the patient will certainly have disabil- 
ity, because of the critical function of the hand 
in daily living. It also appears that the upper 
extremity may be more prone to complex 
regional pain syndrome than the lower extrem- 
ity (See Chap. 92) and this will also be severely 
debilitating. A clear understanding of the opera- 
tive field and its potential abnormalities will 
help prevent some of these injuries. However, 


even in the most experienced hands these inju- 
ries occur, either due to mild traction on the 
nerves, postoperative bleeding, anatomic vari- 
ability, or other as yet unknown factors. 
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Abstract 

Complex regional pain syndrome (CRPS) is a complex, multifaceted, dis- 
abling and disproportionate spectrum of pain, vasomotor, sudomotor and 
trophic changes resulting from surgical or traumatic injury. There is some 
evidence that CRPS may play a primary role in thoracic outlet syndrome 
(TOS) patients, but because surgery is so often provided as a treatment for 
TOS there is an increased overall risk of development of CRPS in this 
patient group to start with. The pathophysiology of CRPS involves periph- 
eral neurogenic inflammation and an intricate interaction of peripheral and 
central mechanisms involving the somatosensory, somatomotor and auto- 
nomic nervous systems. Due to lack of a specific diagnostic test, diagnosis 
remains clinical and laboratory tests supportive. Clinical diagnosis is made 
by the presence of sensory, vasomotor, sudomotor, and motor/trophic 
symptoms and signs as defined by the “Budapest criteria”. Treatment is 
challenging and a comprehensive approach including education, preven- 
tion, rehabilitation, psychotherapy, pharmacotherapy, and interventional 
modality seems logical. Early diagnosis, treatment and preemptive mea- 
sures in high-risk patients are critical. 


Introduction 


Complex regional pain syndrome (CRPS) is 
a complex, multifactorial, disproportionately 
debilitating condition associated with pain and 
sensorimotor and autonomic dysfunction that 
arises after traumatic or surgical injury [1]. 
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Patients often present with localized peripheral 
inflammatory changes that variably progress to a 
systemic condition. TOS and CRPS co-exist; the 
relationship between the two is inconsistent and 
poorly described [2]. 

Since its first description in 1864 by Mitchell 
[3], multiple terms have been used to describe 
this condition: Sudeck’s atrophy, algoneu- 
rodystrophy, reflex sympathetic dystrophy 
(RSD), reflex neurovascular dystrophy, causal- 
gia, and sympathetic maintained pain, to name 
several. In 1994 the International Association for 
the study of Pain (IASP) accepted the term CRPS 
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to replace this older, sometimes confusing termi- 
nology. CRPS is further divided into two sub- 
groups — CRPS 1 for symptoms without 
identifiable nerve injury (replacing RSD) and 
CRPS 2 where pain is associated with specific 
nerve injury (replacing causalgia). Although 
they differ according to the inciting event, both 
subgroups of CRPS have a similar clinical pre- 
sentation [3]. 








Epidemiology of CRPS 


The overall incidence and prevalence of CRPS 
after traumatic or surgical injury is extremely 
variable, ranging from 5 to 26 % [4, 5]. The major- 
ity of these patients’ symptoms resolve spontane- 
ously in the first few months [5], although a subset 
of patients experience persistent symptoms. It 
affects females more than males, with ratios in the 
range of 2:1—4:1 [4]. CRPS often initially involves 
a single extremity (usually upper [5]), but can 
later spread to other body parts. Interestingly, 
while spontaneous spread to a contralateral (53 %) 
or ipsilateral extremity (32 %) occurs, diagonal 
spread is almost always secondary to new trauma 
[6]. It affects all ages, but patients with spontane- 
ous onset and familial predisposition tend to be 
younger in age with severe disease phenotype [7]. 
Overall recurrence rate of CRPS is 1.8 % per 
patient per year [8]. 

The post-surgical incidence of CRPS is not 
clearly known, but ranges from 2 to 14 % after 
various procedures [9-11]. By contrast, the recur- 
rence rate of CRPS in patients who require repeat 
surgery at the same anatomic site can be as high 
as 70 % [5], but can be reduced by utilization of 
preemptive sympathetic blockade [12]. 


Clinical Features of CRPS 





CRPS is a progressive painful disease with inten- 

sity disproportionate to the causative injury. It 

presents in one of three clinical stages: 

e Stage 1, Sudomotor changes: color and tem- 
perature changes, increase sweating, restricted 
mobility (hours to weeks). 
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e Stage 2, Vasomotor changes: edema, stiffness, 
osteoporosis, diminishing regional hair and 
nail growth, tremors and weakness (weeks to 
months). 

¢ Stage 3, Trophic changes: significant muscle 
atrophy, loss of mobility, osteoporosis, and 
regional deformity from muscle contractures. 
It is an irreversible stage (months to 
years [13]). 

Although CRPS is a progressive disease, after 

1 year most of the signs and symptoms are well 

developed and progression is only moderate 

despite increasing disease duration [5]. 





Pathophysiology of CRPS 


The etiology and pathophysiology of CRPS are 
unclear. Several factors correlate with CRPS includ- 
ing trauma, sprain, surgical procedures, burns, and 
even venipuncture. More “passive” conditions such 
as stroke, tumors, multiple sclerosis, an infection 
involving nerves, seizures, spinal degenerative dis- 
ease, herpetic zoster, barbiturate use, and anti- 
tuberculosis drugs also seem to be associated with 
CRPS. In approximately 10 % patients the cause of 
CRPS remains unknown [14]. 

Several mechanisms have been proposed for 
the development of CRPS, which can be broadly 
understood by assigning them to peripheral, or 
central/sympathetic categories. 

Peripheral mechanisms are responsible for 
peripheral sensitization and tissue ischemic-rep- 
erfusion injury [15]. Peripheral injury resulting in 
neurogenic and peripheral tissue inflammation is 
a hallmark of CRPS, evidenced by presence of 
pro-inflammatory cytokines and neuro-specific 
neuropeptides in CRPS blister fluid analysis. 
There is also peripheral sympathetic overactivity 
through increased adrenoceptor hypersensitivity 
and sprouting of newer sympathetic connection 
in the dermis [4]. These peripheral changes cause 
stimulation and sensitization of nociceptors 
which results in ectopic firing activity, leading to 
so-called “peripheral sensitization”. 

Central/sympathetic mechanisms are felt to 
arise as the result of constant input from 
the periphery to the spinal cord which leads to 
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release of neuropeptides at the dorsal horn. 
Sympathetic overdrive occurs as the result of 
sprouting of sympathetic nerve fibers. These make 
new neural connections in the dorsal horn resulting 
in “central sensitization” through involvement of 
Neurokinin-1 and N-methyl-D-aspartate (NMDA) 
receptors [16]. The continuous barrage of signals 
from the periphery and to the cortex results in alter- 
ation in sensory-discriminative (abnormal referred 
sensations, distorted body perception), affective- 
motivational (impaired learning, emotional 
changes, motor dysfunction from fear) and somato- 
sensory cortical reorganization (decrease represen- 
tation of affected limb) [3]. 

These mechanisms, operating in tandem, 
result in excessive peripheral vasoconstriction 
and produce a state of oxidative stress in the form 
of decreased tissue oxygenation, local acidosis, 
and release of free radicals. Oxidative stress in 
presence of an endothelial nitric oxide (vasodila- 
tor) and endlthelin-1 (vasoconstrictor) imbalance 
accelerates the cascade of micro-vascular isch- 
emia- reperfusion injury cascade to produce pro- 
gressive CRPS symptoms [4, 15]. 

Finally, genetic factors are associated with 
increased risk of CRPS, suggesting further mech- 
anistic possibilities. Various studies show poly- 
morphism of pro-inflammatory mediator genes in 
CRPS patients, including TNFa promoter genes, 
human leucocytes antigens (HLA), acetyl 
cholinesterase (ACE) I/D genes, and alpha 
la-adrenoceptors genes [4, 17]. 





Diagnosis 


The diagnosis of CRPS is essentially clinical, 
and is based upon extensive history and physical 
examination. Various laboratory tests are largely 
supportive but not conclusive [14]. Currently 
used diagnostic criteria were proposed through 
a consensus symposium in 2005 at Budapest 
[18], described in Table 92.1 (“Budapest crite- 
ria’). Clinical examination includes a detailed 
patient history focusing on inciting events and 
nature of symptoms and a comprehensive physi- 
cal examination focused on detailed neurological 


Table 92.1 Diagnostic criteria for complex regional pain 
syndrome 


1. Continuing pain, disproportionate to inciting injury 
2. There is no other diagnosis that explains the signs 
and symptoms 


3. Must have at least one SYMPTOM in three of the 
four categories 


Sensory Hyperesthesia and/or allodynia 

Vasomotor Temperature asymmetry and/or 
skin color changes and/or skin 
color asymmetry 

Sudomotor Edema and/or sweating changes 
and/or sweating asymmetry 

Motor/trophic Decreased range of motion and/or 


motor dysfunction (weakness, 
tremor, dystonia) and/or trophic 
changes (hair, nail, skin) 
4. Must have at least one SIGN at time of evaluation in 
two of the four categories 
Sensory Hyperalgesia (to pinprick) and/or 
allodynia (to light touch and/or 
temperature sensation and/or deep 
somatic pressure and/or joint 
movement) 


Vasomotor Temperature asymmetry (>1 °C) 


and/or skin color changes and/or 
asymmetry 


Sudomotor Edema and/or sweating changes 


and/or sweating asymmetry 


Motor/trophic Decreased range of motion and/or 


motor dysfunction (weakness, 
tremor, dystonia) and/or trophic 
changes (hair, nail, skin) 


examination. The criteria are self-evident; a posi- 
tive finding in all four categories is required for 
diagnosis. 

Laboratory tests are not conclusive for the 
diagnosis of CRPS, but are primarily used to rule 
out other disorders [4, 14]. Imaging can aid in the 
diagnosis as the presence of patchy demineraliza- 
tion of long bone epiphyses in plain radiographs 
may point towards late stages of CRPS. Intestinal 
edema and vascular hyper-permeability seen on 
magnetic resonance imaging (MRI) suggests 
acute disease, while muscle atrophy, fibrosis, and 
fatty infiltration suggest chronic CRPS [19]. 
Triple phase bone scans are helpful to recognize 
early phase CRPS (increased bone metabolism) 
if increased Technetium Tc99 uptake is seen, and 
late if decreased [20]. Nerve conduction studies 
[21] can occasionally help differentiate CRPS1 
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from CRPS2 in the early phase of the disease. 
Because temperature differences between affected 
and healthy extremities is common, objective 
testing can be helpful to identify subtle differ- 
ences and produce objective findings [21]. 
Finally, autonomic function tests including infra- 
red thermometry, quantitative sudomotor axon 
reflex testing, thermoregulatory sweat testing, 
and laser Doppler imaging have been utilized to 
study the abnormal autonomic function in 
affected limbs [21]. 


R. Rastogi 
Management 


Since the disease is a complex, multifaceted 
biopsychosocial disorder, effective management 
is understandably multimodal — pharmacologi- 
cal, interventional, rehabilitative, and psycholog- 
ical [3, 14]. The goals of therapy are to reduce 
pain and improve function without causing harm 
(Fig. 92.1). 

Numerous pharmacologic agents have been 
tried in management of CRPS over the years [22], 
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Schema of CRPS Management 


Fig. 92.1 Scheme for postoperative CRPS management 





92 Postoperative Complex Regional Pain Syndrome 





but no pharmacological agent alone or in com- 
bination has been able to provide consistent 
and long-lasting benefit in patients with CRPS. 
Bisphosphonates [22, 23] (intravenous alendronate, 
intravenous palmidronate, oral alendronate etc.), 
free radical scavengers [22, 24] (vitamin C, 50 % 
dimethylsulfoxide cream, N-acetylcysteine, 
mannitol etc.), and immune-modulating agents 
(steroids, tumor necrosis alpha antagonists etc.) 
have reportedly improved pain and other CRPS 
symptoms in several studies, while calcitonin, clo- 
nidine, anticonvulsants (gabapentin etc.) have had 
limited efficacy [22]. Ketamine, a potent NMDA- 
blocking agent, has demonstrated effectiveness in 
various studies [22, 25], although safety data for 
long-term and repetitive usage is unknown. 

Interventional sympathetic blockade (stellate 
ganglion) is efficacious in recurrent CRPS when 
used prophylactically, although limited success is 
seen with therapeutic use [26]. Various agents 
(lidocaine, guanethidine, clonidine, Ketanserin- a 
serotonin receptor antagonist, lidocaine with ste- 
roid, lidocaine with bretylium etc.) administered 
via intravenous regional block have failed to 
demonstrate efficacy [22]. 

Neuromodulation by means of spinal cord 
stimulation has been shown to be efficacious for 
functional improvement and analgesia as com- 
pared to other surgical modalities [27, 28]. Targeted 
stimulation of damaged peripheral nerves shows 
benefit in patients with CRPS-2 [29]. Experience 
with transcutaneous electrical nerve stimulation 
(TENS) remains limited, while intrathecal drug 
delivery (Baclofen) improves dystonic symptoms 
but has not been shown to be of benefit in patients 
with other CRPS symptoms [22]. 

Surgical sympathectomy has been shown to 
help the subset of patients who had a significant 
decrease in pain after sympathetic block. 
Unfortunately 10 % of such patients fail to see any 
benefit at all, 28 % experience an increase in pain 
1 year post-sympathectomy and 9-37 % develop 
new spreading CRPS [30, 31]. Additionally, there 
is a 24 % risk of post-sympathectomy neuralgia 
associated with sympathectomy irrespective of the 
surgical approach [31]. 

Cognitive behavioral therapy, graded physical 
therapy, mirror therapy, graded motor imagery, 
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occupational therapy, and acupuncture have all 
been used within multimodal management proto- 
cols. While some improvement in pain and swell- 
ing can be seen, no differences in objective 
impairment, disability, and handicap assessment 
are usually found [14, 22]. 

Finally, as a last resort, amputation of the 
affected limb has been used as a management 
strategy, although results are limited [32]. 





Prevention 


Because successful management of CRPS remains 
unpredictable at best, the best strategy should be 
to prevent or decrease the risk of CRPS. It has 
been suggested that once a diagnosis of CRPS is 
established it may remain in a dormant phase, but 
can recur suddenly [33]. Relapse rates for CRPS 
are as high as 13 % even with the utilization of 
interventions intended to reduce relapse [34]. 

The use of vitamin C in 500 mg daily oral 
doses has been shown to decrease the incidence 
of CRPS after traumatic injury and after opera- 
tion [35]. The obvious question is in which 
patients to apply prevention strategies to; the 
answer remains obscure. 

Secondary preventive measures are those that 
decrease the risk of CRPS relapse [34]. Such 
strategies include postponing surgical interven- 
tion until CRPS symptoms have resolved [34], 
minimizing the use of tourniquets or placement 
of intravenous lines on the same side of the 
CRPS-treated extremity, peri-operative vasodila- 
tors to increase blood flow, and mannitol as a free 
radical scavenger [36]. Most importantly, utiliza- 
tion of preemptive sympathetic blockade of the 
targeted extremity has been shown to reduce the 
relapse rate from 72 to 10 %, preemptive analge- 
sia to as low as | % [37]. 


Summary 


While CRPS is a multifaceted biopsychosocial 
painful disorder of perplexing pathophysiology, 
trauma and/or surgical injury remains the most 
common inciting event. All of these factors have 
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relevance to TOS. To date, the diagnosis relies 
primarily on a careful history and physical exam- 
ination with specific criteria delineated by the 
“Budapest criteria”. Befitting the multifactorial 
etiology and complex presentation, the treatment 
approach is multipronged. Unfortunately, even 
with optimal management outcome remains 
unpredictable. In light of this, it cannot be over- 
emphasized that there is a pressing need for early 
diagnosis and adequate management of symp- 
toms to prevent progression to chronicity, which 
is much harder to treat. 
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Functional Outcome 93 
and Quality-of-Life Assessment 
Instruments in TOS 


Anna Weiss and David C. Chang 


Abstract 

Quality of life (QOL) research provides a framework to judge outcomes, 
health status, and treatment effectiveness from the patient’s point of view. 
It is important for surgical outcomes, particularly as medicine shifts 
emphasis from mortality to perceived health status and patient preference. 
QOL research can be useful in thoracic outlet syndrome (TOS), given the 
disease’s weak objective findings. There is no tool specific for TOS, how- 
ever generic or dimension-specific measures can apply. The Disability of 
the Arm, Shoulder and Hand survey (DASH), a dimension-specific mea- 
sure, is used to evaluate symptoms and function of patients with upper 
extremity disability. General measures such as the Short Form 36 (SF-36) 
or SF-12 can also be used. TOS patients were administered the DASH and 
SF-12. At baseline, patients with TOS reported similar quality of life 
scores as patients with congestive heart failure, and DASH scores similar 
to patients with chronic rotator cuff injury. DASH scores post-operatively 
improved 0.85 points (P<.001) for neurogenic patients and 0.81 points 
(P<.001) for venous per month. The physical and mental component 
scores of the SF-12 also improved significantly over time (0.24 and 0.15 
points per month respectively for neurogenic patients, and 0.40 and 0.55 
points for venous patients). Therefore, in appropriately selected patients 
with TOS, surgical intervention can improve their quality of life. 
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patient-centered data such as quality of life mea- 
sures [1]. Quality of life measures have many 
potential uses to improve clinical practice, includ- 
ing the ability to facilitate communication, iden- 
tify preferences, screen for and _ prioritize 
problems, and monitor changes or treatment 
responses [2]. Quality of life assessment also has 
extensive research applications: in descriptive 
research, it can characterize burden of disease 
and injury; in clinical research, it is used to test 
the efficacy of treatments. Quality of life research 
is increasingly important for analyzing surgical 
outcomes, particularly as modern medicine 
evolves and emphasis shifts from mortality to 
perceived health status, wellness, and patient 
preference. 





Disease-Specific Quality 
of Life Measures 


Quality of life measurements can be useful in 
thoracic outlet syndrome (TOS), especially given 
the disease’s symptomatic diagnosis and rela- 
tively weak objective diagnostic criteria and vari- 
able symptoms. While venous TOS may be 
confirmed by ultrasound or venogram, no 
definitive diagnostic tests exist for neurogenic 
TOS. Since the diagnosis of TOS remains largely 
clinical, patients may often be seen by multiple 
physicians and labeled as either disabled or 
malingering. The same uncertainty exists in the 
evaluation of patient outcomes post-operatively, 
and to date, most evaluations have been based on 
unstructured subjective assessment. A structured, 
validated assessment of the quality of life and 
functional outcomes of TOS patients would be 
highly beneficial. 

There are many types of quality of life mea- 
sures. Generic measures exist, such as the Short- 
Form 36 (SF-36) which measure several general 
health domains. There are individualized mea- 
sures, such as the Patient Generated Index, which 
allow patients to apply a weighted importance to 
eachcharacteristic surveyed. There are dimension- 
specific measures, such as the Beck depression 
inventory, which measure one aspect of health. 
Finally, there are disease-specific measures, 
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which measure several health domains within 
one disease process [3]. 

There is no disease-specific quality of life 
measure for TOS, although several generic or 
dimension-specific measures can apply. The 
Disability of the Arm, Shoulder and Hand survey 
(DASH) was developed by the American 
Academy of Orthopaedics Surgeons as an out- 
comes tool to evaluate “upper extremity-related 
symptoms and measure functional status at the 
level of disability” [4, 5]. Concepts covered by 
the DASH include symptoms (pain, weakness, 
stiffness, tingling/numbness), physical function 
(daily activities, house/yard chores, errands, rec- 
reational activities, self-care, dressing, eating, 
sport/performing art), social function (family 
care, occupation, socializing with friends/family) 
and psychological function (self-image). 

General measures such as the Short Form 36 
(SF-36) can also be used for TOS patients. The 
popular SF-36 was developed from the Medical 
Outcomes Study in the early 1990s [6]. It pro- 
vides scores for eight health domains, and reports 
these as physical and mental component sum- 
mary scores (PCS and MCS). The SF-12 is a con- 
densed version of the SF-36 (regression methods 
were used to select and score the “best” 12 items 
from the SF-36), has been shown to be highly 
predictive of full SF-36 scores [5], and thus is an 
especially useful tool to save time when patients 
have to answer more than one survey. 





Theories of Quality of Life Research 


Quality of life research by nature is based on 
patient survey. There are three fundamental prin- 
ciples of any survey research: acceptability, reli- 
ability, and validity. 

Questions on a survey should be acceptable to 
the target population. This is assessed with focus 
groups to determine the appropriateness and ease 
of comprehension of the survey. In analysis, 
acceptability can be assessed with data complete- 
ness and score distributions. There should be less 
than 5 % missing data for the summary scores 
generated; more missing data suggesting that 
respondents have difficulty understanding the 
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Fig. 93.1 Demonstration of a 
the concepts of reliability 
versus validity. Assume that 
the gray circle represents 
“truth,” while the surround- 
ing white circle represents 
“error:” the pattern of 
checkmarks (observations) 
shown in (a) would be both 
valid and reliable. Pattern 
(b) shows a situation where 
the observations are tightly 
clustered — reliable — but are 
in error, and the situation is 
thus not valid. The 
circumstance shown in 
pattern (c) represents 
validity — but the observa- 
tions are scattered so not 
very reliable. Finally, pattern 
(d) is neither valid nor 
reliable 


questions. There should be an even distribution 
of frequencies for each response category, with 
less than 10 % floor/ceiling effects—i.e., no more 
than 10 % of responses clustered at the low-end 
(floor) or high-end (ceiling) of the range of 
response categories. The presence of ceiling/floor 
effects would suggest that the questions may not 
be meaningful. 

The concept of reliability is demonstrated by 
Fig. 93.1. Reliability is usually assessed with a 
test-retest reliability protocol, which involves 
administering the same survey on two different 
occasions, and then examining the correlation in 
scores between the two. The correlation should 
ideally be greater than 0.80. The time interval 
between tests should be short enough to ensure 
that no clinically meaningful change is likely to 
occur (e.g., both surveys should be pre-operative 
or both post-operative), but interval should be 
long enough to ensure that the subjects do not 
recall their answers to the first assessment. 
Problems with reliability may suggest that the 
questions have unclear or vague wording; a very 
clear question is unlikely to elicit a different 
response each time from a respondent. 

Validity of a questionnaire is the concept that 
it should somehow represent the “truth”, or some 





b 





gold standard. This is particularly difficult in 
quality of life research since there is no “gold 
standard” for quality measures. Validity is thus 
demonstrated indirectly, by showing that a ques- 


tionnaire instrument “makes sense”, and 
“behaves” as one would expect it to under differ- 
ent scenarios. 

In turn, there are two major “validity” con- 
cepts: content and construct validity. Content 
validity means that a questionnaire “makes 
sense’’. It represents the concept that the content 
of the questionnaire is representative of the con- 
ceptual domain that it is intended to cover. This is 
usually assessed qualitatively during question- 
naire development phase, or through focus 
groups. 

Construct validity means that a questionnaire 
should “behave” as one would expect. There are 
two forms of construct validity: internal and 
external. Internal construct validity is the con- 
cept that questions meant to measure one con- 
cept should correlate with one another, while 
external construct validity is the correlation of 
concepts with those outside the current question- 
naire. There are three methods to demonstrate 
external validity: Convergent, discriminant, 
and known-group differentiation validity. An 
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instrument demonstrates convergent validity if it 
correlates well with another instrument that mea- 
sures a similar construct. The degrees of correla- 
tions are expected to vary according to similarity 
of the concepts being measured by each instru- 
ment. For example, since DASH is dimension- 
specific and SF-36 is generic, correlations are in 
moderate range. Since DASH items are meant to 
capture physical issues, higher correlations are 
expected between DASH and the PCS of the 
SF-36, than the MCS. Discriminant validity is 
the opposite of convergent validity — a question- 
naire demonstrates discriminant validity if it 
does not correlate with an instrument that mea- 
sures a different concept. For example, the 
DASH, since it measures disability and not gen- 
eral health status, should not correlate with age 
and gender in healthy subjects. Finally, a ques- 
tionnaire is said to have known-group differen- 
tiation validity if it can differentiate between 
patients that are known to be different. For 
example, DASH scores should increase (i.e., 
denoting more frequent symptoms) with increas- 
ing severity of TOS. 





Quality of Life Data in Thoracic Outlet 
Syndrome 


To date, there are limited data on quality of life 
and functional outcome of TOS patients, and 
much are based on unstructured subjective assess- 
ment. We thus decided to undertake a study to 
quantify the degree and characteristics of TOS 
patient disability using structured, validated 
patient-reported quality of life instruments, and 
to assess their long-term quality of life outcomes 
following transaxillary first-rib resection and sca- 
lenectomy for TOS [7]. 

Pre-operative patient demographics and post- 
operative clinical outcomes were abstracted 
from clinical records of patients treated by oper- 
ation between February 2005 and March 2008 
at the Johns Hopkins University TOS practice. 
The DASH and SF-12 were chosen to assess 
TOS patients’ quality of life. Understandability 
and acceptability of the questionnaires were 
assessed by discussion with the first five patients. 
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These surveys were administered pre-opera- 
tively and then at 3, 6, 12, 18, and 24 months 
after surgery. Informed consent was obtained by 
the attending surgeon or the physician assistant 
in the clinic. 

The PCS and MCS on the SF-12 scale were 
standardized and normalized to population data 
(mean 50, SD 10). Means were compared to 
population norms with one-sample t tests. 
Reliability of the survey package was assessed 
by test-retest reliability. Validity of the survey 
package was assessed by convergent validity via 
simple regression between SF scores and DASH. 
The rate of recovery was determined with popu- 
lation-averaged models using generalized esti- 
mating equations (GEE) method. Kaplan-Meier 
method was used to analyze time to return to 
work. 

By June 2008, 70 of 105 eligible patients 
(66.7 %) completed the study protocol, returning 
188 valid DASH surveys (124 neurogenic; 64 
venous) and 243 SF-12 surveys (162 neurogenic; 
81 venous). 


Preoperative Status 


There was no statistically significant difference 
in baseline survey scores, captured at the initial 
clinic visits, between the 70 patients who partici- 
pated fully in this study, versus the other patients 
who did not participate further in this study (PCS 
37.3 vs 37.9, MCS 44.1 vs 47.9, and DASH 41.9 
vs 34.9, all P=ns). 


Intervention 


All patients had failed physical therapy prior to 
referral. Pre-operative treatments for the venous 
population included venography with clot lysis 
and anticoagulation if necessary. All patients 
underwent transaxillary first-rib resection and 
scalenectomy, followed by 2 months of post-op- 
erative physical therapy. All venous TOS patients 
also underwent venogram and dilatation 2 weeks 
following surgery, and anticoagulation if 
necessary. 
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Quality of Life Outcome 


Separating baseline neurogenic and venous TOS 
patient data, it was found that neurogenic TOS 
patients had significantly worse PCS values than 
venous (33.8 vs. 43.6, P<.001). In contrast, there 
was no significant difference between their MCS 
scores (44.5 vs. 43.5, P=ns). The DASH scores 
were also significantly worse among neurogenic 
TOS patients than venous (50.2 vs 25.0, P<.001). 

PCS scores for neurogenic patients improved 
0.24 points (P<.001) and MCS scores improved 
0.15 points per month on average (P=.01) 
(Fig. 93.2a). PCS scores for venous patients 
improved 0.40 points (P=.004) and MCS scores 
improved 0.55 points per month (P<.001) on 
average (Fig. 93.2b). DASH scores also improved 


a Neurogenic physical component score 

















0.85 points (P<.001) for neurogenic patients and 
0.81 points (P<.001) for venous patients per 
month on average. Additionally, the median time 
to normal quality of life for neurogenic patients 
was 23 months for physical and 12 months for 
mental function. For venous patients, the median 
time to normal quality of life was 11 and 8 months 
respectively. These quality of life recovery times 
were significantly longer than the time it took for 
the patients to return to full-time work or activity. 


Return to Work 
While 15/44 (34 %) of neurogenic patients and 


2/26 (8 %) of venous patients were disabled or 
unemployed upon presentation, 22 (50 %) 
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Fig. 93.2 Graphic representation of quality of life scores, 
including Physical Component Score (PCS) and Mental 
Component Score (MCS) for (a) neurogenic TOS patients, 
and (b) venous TOS patients. This graph was based on data 
from “Surgical intervention for thoracic outlet syndrome 
improves patient’s quality of life’ by Chang, Rotellini- 
Coltvet, Mukherjee and Freischlag. Preoperatively, neuro- 
genic TOS patients had significantly worse Physical 
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Component Score (PCS) values than venous (33.8 vs. 43.6, 
P<.001), and the DASH scores were also significantly 
worse among neurogenic patients (50.2 vs 25.0, P<.001). 
(a) Shows the PCS and MCS scores for neurogenic patients, 
you can see that the scores improved 0.24 and 0.15 points 
per month respectively. (b) shows the PCS and MCS scores 
for venous patients improved 0.40 and 0.55 points per 
month respectively (Based on data from Chang et al. [7]) 
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Fig. 93.3 The proportion of patients returning to full- 
time work or activity over time, this graph was based on 
results from “Surgical intervention for thoracic outlet syn- 
drome improves patient’s quality of life’, Chang et al. 
While 34 % of neurogenic and 8 % of venous patients 
were disabled or unemployed pre-operatively, 50 % neu- 
rogenic and 77 % venous patients returned to full-time 


neurogenic patients and 20 (77 %) venous patients 
eventually returned to full-time work or activity 
during the follow-up period. Additionally, there 
were two neurogenic patients and two venous 
patients who returned to part-time activity. The 
time course of returning to full-time work or 
activity is presented in Fig. 93.3. Half of the 
patients returned by 4 months, and more than 
75 % returned by 5 months. There was no statisti- 
cally significant difference in this rate of return to 
work between neurogenic and venous patients. 





Discussion 


While some risk factors predicting persistent post- 
operative disability in patients with TOS have 
been identified, measurement of long-term post- 
operative mental and physical functional outcomes 
has been lacking [8—12]. While there have been 
some attempts to assess such outcomes, these have 
focused on diffuse measures of patient satisfaction 
using unvalidated tools [13-16]. A recent report 
by Cordobes-Gual et al. presented functional data 
using the validated DASH instrument on 23 


work or activity during the follow-up period. Half of 
patients returned by 4 months, and more than 75 % 
returned by 5 months. There was no statistically significant 
difference in the rate of return to work between neuro- 
genic and venous patients (Based on data from Chang 
et al. [7]) 


patients, but included only a single follow-up at 
approximately 4—6 months after surgery [17]. 

In contrast to these limited studies, the cur- 
rent study presents functional data on a larger 
group of patients (n=70) followed over a longer 
period of time (up to 2 years) using objective, 
well-established quality of life instruments. Our 
findings suggest that despite the seemingly vague 
nature of their complaints, TOS patients suffer 
striking physical morbidity. The mean baseline 
PCS of 37.5 was approximately 1.3 standard 
deviations below the population norm, and was 
much worse than the mean scores reported by 
patients with chronic prostatitis (46.4), hyper- 
tension (46.5), or diabetes (44.8) and similar to 
that reported by patients with chronic heart fail- 
ure (34.0) [18-20]. Similarly, the mean DASH 
score of 41.4 was similar to that reported by 
patients with chronic rotator cuff tears (43.7) 
[20]. The validity of TOS patients’ physical 
complaints was further supported by their MCS 
being within one standard deviation of popula- 
tion norm. 

Our data show that patients with venous 
and neurogenic TOS present with significant 
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physical disability. Their quality of life profile in 
general is similar to patients with chronic heart 
failure, and, in relation to upper extremity func- 
tion, similar to patients with chronic rotator cuff 
tears. Following first-rib resection, venous TOS 
patients typically improved both physical and 
mental quality of life in shorter periods of time 
than their neurogenic counterparts. Neurogenic 
and venous TOS patients returned to full-time 
work/activity within the same length of time 
postoperatively, although neurogenic patients 
required more secondary interventions. In both 
cohorts, patients returned to full-time work or 
activity before they returned to normal quality of 
life scores, suggesting patients are able to return 
to full-time work or activity while they are still 
recovering. Therefore, in appropriately selected 
patients with either neurogenic or venous TOS, 
surgical intervention can improve their quality of 
life over time. 








Future Directions 


Although quality of life instruments are struc- 
tured and have undergone extensive validation 
testing, the verbal nature of these reports still 
presents a concern for some investigators, espe- 
cially considering the diagnostic uncertainty in 
TOS patients. 

A biomechanical validation of the quality of 
life reports would be valuable to confirm patient 
recovery following surgery as well as a possible 
tool to assist in making an objective diagnosis. 
One such tool would be an accelerometer, a device 
that measures changes in position over time. The 
most basic accelerometer is the pedometer, which 
measures the number of steps taken; an ankle ver- 
sion of the device, for example, has been used to 
measure ambulation among stroke patients [21]. 
Given the complexity of upper extremity function 
as compared to ambulation, the simple swinging 
motion of the arm is less important than the abil- 
ity to raise the arm to a certain angle and hold it 
there. Therefore, an ideal accelerometer would 
measure three planes simultaneously, capturing 
abduction/adduction and flexion/extension of the 
arm, and would track the time data to determine 


the total length of time that the arm is being used. 
This could then serve as an external validation of 
the quality of life data obtained in TOS patients. 
This could enhance the objectivity of outcomes 
measurement, and further advance the state of the 
clinical science in this field. 
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Abstract 

The care by a physician of a patient suffering from thoracic outlet syn- 
drome can often require the physician to become involved in legal pro- 
ceedings. Frequently patients who suffer from this condition will pursue 
claims in a workers’ compensation, personal injury or medical malpractice 
case, and the physician may simply be asked to offer testimony regarding 
the care they provided the patient. The physician may also, of course, be 
named as a defendant should he or she’s care be called into question in a 
medical malpractice case. Finally, a non-treating physician may be asked 
to review a medical malpractice matter either for the plaintiff or the defen- 
dants. For the physician witness, this chapter will address the need to be 
fully apprised of causation standards in various legal settings prior to 
offering such opinions, and further issues regarding patient confidentiality 
laws. For the physician as a possible defendant to a medical malpractice 
lawsuit, means to limit exposure to such suits is discussed, along with 
what the physician can expect from the litigation process and his or her 
responsibilities in that process. Finally, with regard to physicians as expert 
witnesses in thoracic outlet syndrome cases, the practical and ethical 
guidelines and qualifications for such expert work established by the 
American Association for Thoracic Surgery (AATS), the Society of 
Thoracic Surgeons (STS), and Society for Vascular Surgeons (SVS) is 
discussed. 


The care by a physician of a patient suffering proceedings. Frequently patients who suffer from 
from thoracic outlet syndrome can often require this condition will pursue claims in a workers’ 
the physician to become involved in legal compensation, personal injury or medical mal- 
practice case, and the physician may simply be 
asked to offer testimony regarding the care they 
provided the patient. The physician may also, of 
course, be named as a defendant should he or she’s 
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be asked to review a medical malpractice matter 
either for the plaintiff or the defendants. 


Physician as Witness 


There exists in the medical community some 
debate as to whether repetitive activities can in 
fact cause thoracic outlet syndrome, and 
significant debate as to the exact repetitive activi- 
ties and duration of such activities that will give 
rise to the syndrome. Frequently reported work 
activities thought to give rise to thoracic outlet 
syndrome are typing, working on an assembly 
line, and repetitive lifting. Patients with thoracic 
outlet syndrome which they attribute to work 
activities will often pursue a workers’ compensa- 
tion action. 

Workers’ compensation in general is a no fault 
system to compensate workers who experience 
disability as a result of their work activities. In 
other words, the employee need not prove negli- 
gence on the part of his employer. Instead, the 
employee must prove that the work activities 
caused a medical condition which requires medi- 
cal treatment and/or has caused temporary or per- 
manent disability. 

One or both attorneys to a workers’ compen- 
sation action may wish to depose the physician 
evaluating and treating the thoracic outlet syn- 
drome patient. Unlike personal injury or medical 
malpractice cases, the request for deposition may 
come before surgery is actually performed. In 
many states, the employer will directly pay for 
medical care, and thus treatment must be pre-ap- 
proved. Counsel for the employee or employer 
may request the physician’s deposition to estab- 
lish a causal relation between work and the need 
for surgery. 

The threshold for causation may differ greatly 
from state to state. In some states the causal 
requirement may be very strict and require that 
the work activities were the prevailing or primary 
factor in causing the injury. Conversely, some 
states have very lax causation standards, requir- 
ing as little as a statement from a physician 
that the work activities might or could have 
caused the condition or aggravated a pre-existing 
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condition. If asked to provide a deposition, a phy- 
sician treating such a workers’ compensation 
patient should inquire of the attorney requesting 
causation testimony the standard for causation 
which the state utilizes. 

Traumatic events, such as motor vehicle acci- 
dents, may also lead to thoracic outlet syndrome, 
and such accidents may give rise to personal 
injury lawsuits. Again, the treating physician 
whose deposition is taken will be asked to offer 
testimony on causation and perhaps also the need 
for future treatment needs. The causation stan- 
dard from state to state may differ, and thus a 
physician providing such a deposition should 
request the attorneys define the state’s causation 
standard prior to offering such testimony. 

It should be noted that when the physician is 
merely to serve as a fact witness in a case (as 
opposed to when the physician’s care is the sub- 
ject matter of the lawsuit), the attorneys for both 
sides may wish to speak with the physician prior 
to the deposition. Different states have different 
laws regarding ex parte meetings with defense 
attorneys. Therefore, if a defense attorney con- 
tacts a physician to discuss a plaintiff’s treatment, 
it is advisable for the physician to consult with 
his or her administrator or attorney to determine 
whether such meetings are permitted. 





Physician as Defendant 


To prove a claim for negligence against a physi- 
cian, a plaintiff must prove negligence on the part 
of the physician and that said negligence caused 
damages to the plaintiff. Negligence is shown by 
producing evidence and testimony that the physi- 
cian deviated from the standard of care. Although 
the legally accepted definition of standard of care 
will vary to some degree from state to state, the 
standard of care can generally be defined as that 
degree of skill and learning ordinarily used under 
the same or similar circumstances by members of 
the medical specialty in question. 

From the perspective of medical malpractice 
liability, there are steps that can be taken to limit 
exposure. It goes without saying that the practice 
of good medicine and attention to detail are the 
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most important aspect of avoiding lawsuits. 
However, having a realistic informed consent 
discussion with the patient about their prognosis 
can be almost as valuable. The informed consent 
discussion is the foundation of the physician- 
patient relationship, and thus it is important to 
make the patient a partner in the treatment deci- 
sions. The patient should receive a detailed 
explanation of the cause of the problem, and the 
indication for and goals of surgery. Non-surgical 
alternatives should be discussed, and if they are 
not feasible for the patient, an explanation as to 
why not. 

It is imperative that the risks of the surgery be 
fully provided to the patient in order for the 
patient to do a proper risk-benefit evaluation. The 
patient must be advised that surgical decompres- 
sion may not completely alleviate all symptoms. 
All surgeries inherently involve risk and these 
general risks must be discussed. However, it is 
important that known risks specific to decom- 
pression surgery, such as temporary or even per- 
manent nerve injury, be addressed. The course 
and duration of recovery should be discussed, 
and complications during that recovery, such as 
stenosis of the surrounding vessels or graft, 
discussed. 

At the end of this discussion, the patient should 
be allowed to express their concerns regarding 
potential complications or risks. The physician 
must honestly address these concerns. Patients 
are less likely to sue when they feel their physi- 
cian is responsive to their concerns and questions. 
Problems, and often lawsuits arise when patients 
feel as if they are being ignored or pushed into 
surgery. 

A favorite mantra of plaintiffs’ counsels is that 
“if it’s not documented, it was not done.” Although 
this is not accurate in the day-to-day practice of 
medicine, the most often heard regret we hear 
from physicians we represent is that they failed to 
document all of their activities and discussions 
with the patient. Although the statute of limita- 
tions for bringing a lawsuit varies from state to 
state, it is not uncommon for a medical malprac- 
tice case to go to trial 5—10 years after the treat- 
ment was provided. In the absence of detailed 
documentation, it is virtually impossible for a 
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physician to recall every last detail of what 
transpired. Furthermore, if there is no documen- 
tation, jurors are more likely to believe plaintiff’s 
version. Although detailed documentation can be 
excessively time consuming in the busy practice 
of medicine, the added burden such documenta- 
tion imposes will allow you to present the com- 
plete facts at trial. It should also be noted that 
experts for all parties to the suit will rely heavily 
on the documented notes in forming their opin- 
ions of the care provided and the merits, or lack 
thereof, of the case. 

In determining what needs to be documented, 
often the documentation of what transpires before 
the actual procedure is most vital. Specifically, 
the records must show the factors which justified 
a diagnosis and treatment plan, and why more 
conservative non-surgical alternatives were not 
viable options. Similarly, risks and complications 
discussed with the patient during the informed 
consent discussion should be documented. Even 
if a complication is a known risk of the surgery, 
juries are less likely to find for the physician if 
the patient testifies that they were not advised of 
the risk and there is no documentation to refute 
this testimony. 

A physician who is named as a defendant in a 
lawsuit will experience a wide range of emotions, 
and rightfully so as a lawsuit publically calls into 
question a physician’s skill and competency. The 
stress is amplified as the physician recognizes 
that his or her actions will not be truly judged by 
a jury of his or her peers, but instead by layper- 
sons with little or no medical training. Causing 
further stress is the fact that the individual who 
will be arguing the case for the doctor, the attor- 
ney, is not a physician and thus cannot possibly 
have the same expertise as the physician regard- 
less of how long they have practiced or how many 
similar cases they have handled. 

The physician must recognize that to achieve a 
successful defense, lines of communication 
between the physician and attorney must remain 
open and active throughout the course of the case. 
It is the attorney’s job to walk the physician 
through the litigation process and to respond to 
any questions or concerns the physician may 
have. In turn it is the physician’s job to educate 
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the attorney on the medicine. The physician must 
become an active participant in the planning and 
strategy for the defense. Confidence in one’s the- 
ory of the case is essential for the physician to 
present at trial as a knowledgeable and effective 
witness. The physician should also be actively 
involved in the selection of experts as the physi- 
cian knows best which physicians nationally are 
respected as authorities in their field of 
medicine. 

Despite the physician’s prior experience with 
depositions in prior cases, it is often useful to 
conduct a “mock” deposition before being 
deposed in a particular case. In a mock deposi- 
tion, the attorney will have a colleague from his 
or her firm pretend to be the plaintiff’s attorney 
and ask the questions they anticipate will be 
posed at the real deposition. A court reporter 
will transcribe the mock deposition, which the 
physician will then have an opportunity to 
review and discuss with their attorney before the 
real deposition. This allows the physician an 
opportunity to identify potential problem areas 
and to work with their attorney to formulate 
answers to anticipated questions which will 
fully and accurately express their thoughts. 
Thorough preparation by reviewing all pertinent 
materials is essential for both the mock and real 
deposition. 

As medical and anatomical terminology can 
be difficult for the jury to absorb or even under- 
stand, visual exhibits can make the difference in 
getting the jury to understand the physician’s 
decision-making process in deciding to perform 
thoracic outlet syndrome decompression, and 
what the surgery itself entails. From the begin- 
ning of the case, the physician should actively 
look for visual aides which can be provided to 
assist the attorney and for possible use at trial. 

Although the defense attorney strives to view 
all cases as defensible when first received, there 
are of course some medical malpractice cases 
with merit. Although difficult, the physician must 
identify potential areas of concern for the case as 
early as possible and openly identify those to his 
or her counsel. With that information, the attor- 
ney can properly assess the physician of possible 
exposure in the case and formulate a settlement 
strategy, if appropriate. 


K.J. Adrian 





Physician as Expert Witness 


One of the most important and controversial 
figures in malpractice litigation is the physician 
expert witness. The need for expert witnesses has 
engendered the need for clear definitions of their 
qualifications. This is particularly true for spe- 
cialized surgeries such as thoracic outlet syn- 
drome decompression. The American Association 
for Thoracic Surgery (AATS) [1] and the Society 
of Thoracic Surgeons (STS) [2] have both adopted 
qualifications for expert witnesses and guidelines 
for the behavior of AATS members rendering 
expert opinions in the legal system. 

Both groups’ qualifications mandate that the 
physician expert must have a current, valid and 
unrestricted license to practice medicine, should 
be a diplomate of a specialty board recognized by 
the American Board of Medical Specialties and be 
qualified by experience or demonstrated compe- 
tence in the subject matter of the case. Further, the 
physician expert witness must be familiar with the 
subject matter of the case and the relevant stan- 
dards of care at the time of the alleged occurrence, 
and have been actively practicing thoracic surgery 
at the time the incident leading to the litigation 
occurred. The expert must also be able to demon- 
strate evidence of continuing medical education 
relevant to the specialty and subject of the matter. 
Finally, the physician expert should be prepared to 
document the percentage of professional time 
spent in serving as an expert witness, should be 
willing to disclose the amount of fees or compen- 
sation obtained for such activities and the total 
number of times he has served as an expert in med- 
ical liability actions for patients and physicians. 

The AATS and STS guidelines for the behav- 
ior of physicians acting as expert witnesses indi- 
cate that the physician expert has an ethical 
obligation to be impartial in legal proceedings, to 
refrain from adopting positions as advocates or 
partisans, and to testify for both plaintiffs and 
defendants. The physician expert is obligated to 
review all the relevant medical information in the 
case and testify to its content fairly, honestly and 
in a balanced manner. Any inferences the physi- 
cian expert is asked to make should also be made 
according to the same standards of fairness, 
honesty and balance. The physician expert should 
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not fail to distinguish between actual negligence 
and an unfortunate medical outcome such as rec- 
ognized complications occurring as a result of 
medical uncertainty. Furthermore, within a rea- 
sonable time of providing testimony, the physi- 
cian expert should review the standards of practice 
prevailing at the time and under the circumstances 
of the alleged occurrence including the relevant 
medical literature. The physician expert should 
state the basis for his or her testimony or opinion, 
and whether it is based on personal experience, 
specific clinical references, evidence-based guide- 
lines, or a generally accepted opinion in the spe- 
cialty field. Compensation of the physician expert 
witness should be reasonable and commensurate 
with the time and effort given to preparing for 
deposition or court appearance. It is unethical for 
a physician expert witness to link compensation 
to the outcome of a case. The physician expert 
witness is ethically and legally obligated to tell 
the truth and not to mislead or deceive by act or 
omission. Expert opinions, including statements 
rendered prior to the initiation of litigation, tran- 
scripts of depositions, and courtroom testimony, 
are subject to independent peer reviews. Moreover, 
the physician expert witness should willingly pro- 
vide transcripts and other documents pertaining to 
the expert testimony to independent peer review if 
requested by his or her professional organization. 

The AATS addresses expert witness testimony 
in its code of ethics [3]. Specifically, it is stated 
that expert witness testimony is considered the 
practice of medicine and is subject to peer review. 
Members whose testimony is false, deceptive, 
misleading or without medical foundation, or 
otherwise violates the code of ethics may be sub- 
ject to disciplinary action by the AATS. Similarly, 
STS provides a mechanism through which STS 
members can lodge complaints against fellow 
members who may have violated the Society’s 
standards for expert witnesses [4]. 

The Society for Vascular Surgeons has also 
instituted guidelines for testimony by a vascular 
surgeon serving as an expert witness in litigation 
[5]. These guidelines address impartial testimony, 
subject matter knowledge, and compensation. 
With regard to impartial testimony, the guidelines 
mandate that the vascular surgeon expert witness 
shall be an impartial educator for the attorneys, 
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jurors and the court. The expert shall represent 
and testify as to the practice behavior of a prudent 
vascular surgeon providing different viewpoints 
to the extent they exist, and shall identify any per- 
sonal opinions that vary significantly from gener- 
ally accepted vascular surgical practice. The 
vascular surgeon expert shall recognize and cor- 
rectly represent the full standard of care and shall 
with reasonable accuracy state whether a particu- 
lar action was clearly within, clearly outside of, or 
close to the margins of the standard of care. Most 
importantly, the vascular surgeon expert witness 
shall not be evasive for purposes of favoring one 
litigant over another, and shall answer all properly 
framed questions pertaining to his opinions. 

With regard to subject matter knowledge, the 
guidelines instruct that a vascular surgeon expert 
witness shall have sufficient knowledge of and 
experience in the specific subjects on which he or 
she will opine to warrant designation as an expert, 
and ideally should hold current hospital privi- 
leges to perform the procedures in question. An 
expert is required to review all pertinent medical 
records before rendering an opinion, and should 
be very familiar with prior and current concepts 
of standard vascular surgical practices, and ide- 
ally should be able to demonstrate evidence of 
continuing medical education relevant to the sub- 
ject matter of the case. 

As to compensation, the guidelines indicate 
that a vascular surgeon expert witness should be 
prepared to document the percentage of his or her 
professional time spent as an expert witness. 
Experts shall not accept a contingency fee for 
providing expert services. Finally, the guidelines 
indicate that charges for medical expert opinion 
services shall be reasonable and commensurate 
with the time and effort given to preparing and 
providing expert witness services. 





Conclusion 

Thoracic outlet syndrome may give rise to a 
number of legal issues. Surgeons who perform 
decompression surgery inevitably will need to 
be involved in such proceedings, whether as a 
fact witness, defendant or expert witness. 
Regardless of the capacity for which the physi- 
cian’s testimony is requested, it is essential that 
the physician fully acquaint himself with the 
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patient’s medical issues prior to offering testi- 
mony. When the physician is a defendant to a 
lawsuit or serving as an expert witness, the 
physician must work with the attorney to edu- 
cate the attorney on the medical issues, while 
in turn the attorney educates the physician of 
the appropriate legal standards and defenses. 
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Abstract 

Reported outcomes of treatment for all surgical procedures are far worse 
among workers compensation patients than among those with general 
health benefits. Population-based observational studies among injured 
workers in Washington State demonstrate that more disability and greater 
cost are associated with surgery for TOS. Factors associated with disabil- 
ity among injured workers likely contribute to these poor outcomes, 
including multiple diagnoses and prolonged disability prior to diagnosis 
and treatment of TOS. Higher quality trials of treatments for TOS are 
needed, along with a more objective case definition of neurogenic TOS 
and development of measures that would reflect clinically meaningful out- 


comes of treatment. 


Introduction-Workers’ 
Compensation 101 


Injured workers present special challenges to 
both primary care and specialty practitioners. 
The key issue in workers compensation relates to 
the fact that 5 % of injured workers account for 
80-85 % of the costs in the system [1-3]. The 
reason for this is that the vast majority of workers 
who end up on long term disability, removing 
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them essentially from work and everyday activi- 
ties for the rest of their lives, start out with a non- 
catastrophic injury: a low back or neck sprain, 
carpal tunnel syndrome, or knee or shoulder 
sprain. A discussion of how an injured worker 
could end up in such a state from a non-cata- 
strophic injury, often with severe loss of lifetime 
wages and loss of social and work structure, is 
beyond the scope of this chapter. Suffice it to say 
that the risk factors for development of long term 
disability are both intrinsic to the worker (e.g., 
low recovery expectation, high fear avoidance) 
and extrinsic to the worker (e.g., delays in admin- 
istrative processing, early inappropriate opioid 
use, inability for an employer to accommodate 
return-to-work) [4, 5]. 

Efforts at secondary prevention, or disability 
prevention, to be effective, must be implemented 
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early, within 2-3 weeks of injury, including 
screening for risk of disability and application of 
occupational health best practices. Even modest 
efforts at early disability prevention can save the 
life of one in five of the workers likely to go on to 
long term disability [6]. On the contrary, a worker 
who has been on wage loss compensation for 
3 months is already 50 % likely to still be totally 
disabled at 1 year. The longer disability goes on, 
the worse the outcome. The same principal 
applies to effectiveness of surgical interventions. 
Every procedure we have investigated has worse 
outcomes the longer the duration of disability 
prior to the application of the procedure [7]. 

The 3 month point on the disability curve is 
critical since it is at that point the worker has 
really already developed chronic pain. Increasing 
evidence suggests that the locus of the pain 
shifts from the originally injured part related to 
acute and subacute pain to a brain (central) locus 
involved in chronic pain [8]. If this is true, can a 
focused surgical intervention aimed at the origi- 
nally injured part have a reasonable chance to 
substantially rid the patient of pain if it is con- 
ducted months after the establishment of chronic 
pain? For work-related carpal tunnel syndrome 
and its surgery, for example, the later the diag- 
nosis and the longer the duration of disability 
prior to surgical intervention, the worse the out- 
come [9, 10]. 

These important issues associated with dis- 
ability in workers compensation are likely highly 
contributory to the dozens of studies that have 
demonstrated that procedures conducted among 
injured workers receiving workers compensation 
benefits have far worse outcomes than similar 
procedures conducted among patients receiving 
general health benefits [11]. For example, in this 
meta-analysis, patients receiving shoulder acro- 
mioplasty, lumbar spine fusion, lumbar discec- 
tomy, or carpal tunnel decompression were more 
than four times as likely to have an unsatisfactory 
outcome if they received these procedures through 
workers compensation benefits compared to 
receipt through general health benefits. No simi- 
lar comparative studies have been conducted for 
thoracic outlet syndrome (TOS) surgery. However, 
even patients with TOS treated conservatively 
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had worse outcomes if they were on workers 
compensation [12]. 

The other crucial element, also related to time 
loss duration, is accuracy of diagnosis at the time 
of workers’ compensation claim initiation. 
Workers with carpal tunnel syndrome (CTS) 
diagnosed at the outset of their workers compen- 
sation claim have far superior results from median 
nerve decompression than workers whose CTS 
diagnosis is delayed by weeks to months follow- 
ing claim initiation [10]. Because of diagnostic 
inaccuracy, and the patient being seen by various 
specialists focusing on different parts of the upper 
extremity, the “syndrome of the spreading diag- 
nosis” is prevalent. Patients diagnosed with TOS 
receiving conservative management report worse 
outcomes if they have undergone prior cubital or 
median nerve release [12]. This “multiple diag- 
nosis problem” is extremely significant with rela- 
tionship to the diagnosis of TOS in the Washington 
State workers compensation system; on average, 
TOS has been the TENTH diagnosis among our 
injured workers. 

All of these factors, taken together with issues 
related to accuracy and reliability of diagnosis of 
neurogenic TOS, likely contribute to the poor 
outcomes, described in greater detail below, of 
TOS surgery among injured workers in 
Washington State. 





Outcomes of TOS Surgery in 
Workers’ Compensation Patients 


A recent Cochrane review of studies of outcome 
of TOS found no randomized or quasi-random- 
ized studies comparing surgery to any other non- 
surgical comparator [13]. The authors concluded 
that “there is a need for an agreed definition for 
the diagnosis of TOS, especially the disputed 
form, agreed outcome measures and high quality 
randomized trials that compare the outcome of 
interventions with no treatment and with each 
other.” In the absence of high quality randomized 
trials, observational studies can provide valid evi- 
dence of effectiveness on a population basis, and 
better information than randomized trials on costs 
and adverse events. In addition, such observational 
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studies are more reflective of real world applica- 
tion of interventions than highly controlled ran- 
domized trials [14]. 

More than a decade ago, we reported the 
Washington State workers compensation experi- 
ence with TOS in a population-based cohort of 
158 cases who were diagnosed between 1986 and 
1991 [15]. This reported experience included 
ALL such operations conducted among State 
Fund claimants during that time period. At this 
time, there is still no other reported observational 
study that is population-based. Two smaller 
observational studies have reported outcomes 
from University-based case series. Novak et al. 
reported patient self-reported outcomes among 
42 cases who received physical therapy (PT) 
[12]. The PT was applied on average after 
38 months of symptoms, and patients reported 
outcomes about 1 year following PT. Almost 
60 % (25/42) reported some symptomatic 
improvement, and 38 % (16/42) reported full 
work and recreational activities. Cases with 
workers’ compensation or concomitant distal 
entrapment neuropathy fared worse. Bosma et al 
[16] reported a case series of 46 TOS patients, 24 
operated and 22 conservatively treated, compared 
to a matched group of healthy controls, on qual- 
ity of life. All TOS patients reported low QOL, 
regardless of treatment type. These authors rec- 
ommend that improved patient selection could 
lead to improved outcomes. 

Table 95.1 summarizes the time loss and med- 
ical cost outcomes for the Washington workers’ 
compensation TOS cohort [15]. After adjusting 
for important covariates, such as the time from 
injury to TOS diagnosis, and for the duration of 
time-loss prior to TOS diagnosis, the odds of 
being totally disabled 1 year after surgery were 
nearly three times greater for those receiving 
TOS surgery. Over half (53 %) of TOS surgery 
patients were still totally disabled 1 year after 
surgery, compared to 16 % of TOS patients who 
received only conservative treatment. Neither the 
type of surgery, the presence/absence of provoca- 
tive tests, or surgical experience predicted better 
surgical outcome. In a structured telephone inter- 
view conducted an average of 4.5 years following 
TOS surgery, 72.5 % reported being “limited a 
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Table 95.1 Time loss and medical costs for cases with 
and without TOS surgery diagnosed 1987 — 1989 


Time loss, costs TOS surgery No surgery 


Unadjusted 
N=74 N=95 
Mean medical costs, $ 25,614 14,063 
Percent on time loss at 56.8 21.1 
1 year 
Percent on time loss at 40.5 12.6 
2 years 
Adjusted* 
Mean medical costs, $ 22,576 15,652 
Percent on time loss at 52.7 15.8 
1 year 
Percent on time loss at 37.2 7.8 


2 years 


Adapted from Franklin et al. [15]. With permission from 
Wolter Kluwers Health 
“Adjusted for age, cervical spine diagnosis, number of 
years from injury to diagnosis, sex, time loss in 6 months 
before diagnosis, previous injury, and previous surgery. 
All p values were <0.01 


Table 95.2 TOS update, 2003-2007 


No surgery Surgery 
First diagnosis (353.0) in 2003-2007 


N 906 50 
Injury to first TOS 1.5 2.6 
diagnosis, year 

Pct still open as of 20 % 60 % 
10/31/2009 

For time loss cases only (through 10/31/2009) 

N 662 50 
Mean time loss pre 374 435 
diagnosis, days 

Mean time loss post 587 1,132 
diagnosis, days 

Mean medical costs to date, 44,697 64,560 
$$ 

Mean time loss, paid to 52,298 86,424 
date, $$ 


lot” in rigorous activities. Finally, 31.7 % had at 
least one acute complication of surgery, 19 % 
with a pleural tear, and 7 % with pneumothorax 
or atelectasis. Almost 18 %, as recorded in the 
medical record, had at least one new sensory 
complaint following surgery. 

Table 95.2 summarizes the Washington work- 
ers compensation TOS experience from cases 
identified in 2003-2007. The mean time loss 
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ist Dx to 1st surgery, days 


# Cases 50 
Average 561 
Median 432 


80th %tile 1,011 
OnTL at 1st Surgery 92 % 


Pct on time loss 











400 600 800 1,000 1,200 1,400 


Days from 1st 353.0 daignosis 


Fig. 95.1 Time to leaving time loss after diagnosis of thoracic outlet syndrome-Washington Workers Compensation, 
2003-2007 


Table 95.3 Total costs for 956 TOS cases first diagnosed in 2003-2007 


Cases Time loss$$, ptd Med aid$$, ptd Total$$, ptd Avg$$/case 
No surgery 906 34,307,263 30,963,747 86,641,273 95,631 
Surgery 50 4,321,193 3,228,003 10,580,286 211,606 
Grand total 956 38,628,457 34,191,750 97,221,559 101,696 


following TOS diagnosis in those receiving sur- 
gery was double that of those treated without sur- 
gery. Figure 95.1 shows the time to leaving time 
loss in cases who did and did not receive TOS sur- 
gery. Finally, Table 95.3 shows the total costs of all 
TOS cases. The total amount spent on all cases 
with a diagnosis of TOS was $97.2 million. The 
costs/case in those whoreceived surgery ($211,606) 
were more than double the costs/case of the TOS 
cases treated conservatively ($95,631). 





The Washington Workers 
Compensation TOS Surgery Guideline 


Because of our reported experience with TOS 
and TOS surgery, our statutory Industrial 
Insurance Medical Advisory Committee recently 
developed a guideline [17, 18] that requires 


objective evidence by electrodiagnostic studies 
of brachial plexus involvement before surgery for 
TOS can be approved. In addition, the results of 
scalene blocks are not considered a compelling 
reason to allow surgery in the absence of abnor- 
mal electrodiagnostic studies. 





Conclusion 

It is surprising that no high quality randomized 
trials are available on TOS comparing surgery 
to appropriate comparators. Observational stud- 
ies suggest that conservative approaches such as 
targeted physical therapy can be effective. 
The experience of worse outcomes for most 
studied procedures in workers’ compensation 
populations is probably related to confounding 
issues related to prolonged disability, inaccurate 
diagnosis of multiple upper extremity disorders, 
and risk factors for long term disability having 








nothing to do with medical care received. 
However, the WA population-based data, and 
smaller observational studies, also suggest that 
TOS surgery per se is associated with very poor 
outcomes in the injured worker population. 
More rigorous scientific study of potentially 
effective treatments for TOS, including surgery, 
will be critical to help inform future policy. 
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Abstract 


Internet access and usage for medical conditions is common amongst 
patient and physicians and can be a resourceful tool for both groups in the 
management of patients with thoracic outlet syndrome. There are multiple 
educational, easily accessible websites that provide non-biased, up to date 
treatment options for TOS. Websites should be scrutinized for their con- 
tent, potential for commercial and personal bias and “updated history” to 


avoid medical pitfalls. 


Introduction 


The terms “Internet” and “World Wide Web” are 
often used in everyday speech without much dis- 
tinction. However, the Internet and the World 
Wide Web are not one and the same. The Internet 
is a global system of interconnected computer 
networks. In contrast, the Web is one of the ser- 
vices that run on the Internet. It is a collection of 
interconnected documents and other resources, 
linked by hyperlinks and URLs (Uniform 
Resource Locator). In short, the Web is an appli- 
cation running on the Internet [1]. 
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Background 
Internet usage has become commonplace 
amongst both patients and __ physicians. 


Unfortunately, the quality of health information 
available on the internet is extremely variable, 
putting quality health care at risk if patients rely 
on inaccurate information. Surveys indicate any- 
where between 40 and 80 % [2, 3] of patients 
utilize the internet to search medical informa- 
tion. The internet can clearly be a benefit to both 
physician and patient. Good information on the 
internet can augment doctor- patient informa- 
tion, but inaccurate information can lead to fail- 
ure to comply with appropriate treatment, delay 
in treatment, or use of unproven or worthless 
therapy (e.g. chelation). Physicians can be pro- 
active in facilitating effective use of the internet 
for medical diseases by recommending appropri- 
ate sites to assist patients in gathering additional 
information on their conditions and treatment. In 
an unpublished study by the authors, 91 % of 
patients would like to visit a website created by 
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their own physician, and 90 % would like for 
their physicians to have a list of recommended 
websites based on disease process (versus 17 % 
preferring to search for information without 
guidance). Furthermore, this interaction may 
increase discussion between the patient and the 
health care provider, hopefully decreasing the 
impact of erroneous information. 

In a study of patient use of the internet, Diaz 
et al. [4] surveyed 1,000 primary care patients. Of 
the 512 who responded, 60 % felt that the infor- 
mation on the internet was the same as or better 
than information from their doctors. Alarmingly, 
59 % did not discuss this information with their 
doctors. In this study, Diaz [4] reports that 58 % 
used the internet to determine medication or pro- 
cedure side effects, while 41 % looked for alter- 
native or complementary care and 41 % utilized 
the internet for a second opinion. 

Semere et al. [5], investigated “Parent usage 
of the internet for medical information” to first 
determine parents’ access to and use of the 
Internet for information relating to their child’s 
health, second, to investigate parents methods of 
searching for such information, and, third, to 
evaluate the information found in relation to its 
readability, accuracy, and influence. They con- 
cluded many parents use the Internet for addi- 
tional medical information, but they do not access 
this information frequently. The overwhelmingly 
positive impression of online health information 
suggests parents are unaware of the dangers of 
encountering misleading sources, an issue of spe- 
cial concern when considering the amount of 
influence this information carries. 

Some general recommendations on patient 
internet use include: 
¢ Not to use the internet as a substitute for the 

physician, 

e Preferential use of government or medical 
society sponsored health sites, 

e Attention to when the site was last updated, 

¢ Looking for journal references, 

e Wariness of sites associated with attempts to 
sell products/services, and 

e Primary use of trusted medical sites (such as 
WebMD). 
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With this said, the internet can be useful by 
reinforcing information given by the physician, 
providing images to facilitate patient under- 
standing, providing access to support groups 
(perhaps most important for uncommon dis- 
eases/therapies), providing printed material for 
the patient to share with family/friends, and pro- 
viding information on where to find specialists 
for patients. 





Resources for Patients 


There are multiple available search engines and 
websites that provide information on TOS. The 
first site we would recommend for patients is the 
American TOS association site, atosa.org/thorac- 
ic-outlet-syndrome [6]. This site provides basic 
information on the types of TOS, symptoms, 
diagnoses, and possible therapies. The site also 
provides links to a research library, support 
groups, and a physician locator service, although 
this function is limited to physician members of 
the organization and is not an exhaustive or com- 
plete list of competent physicians who treat TOS. 
The Society for Vascular Surgery website also 
provides a physician locator service by state 
which can be useful for patients, http://www.vas- 
cularweb.org/vascularhealth/Pages/thoracic-out- 
let-syndrome.aspx [7]. 

The National Organization for Rare Diseases 
provides a brief report e-mailed to the patient at 
no cost. The report was copyrighted in 2009, 
and reviews the various types of TOS, symp- 
toms, causes, related disorders, standard therapy 
and testing, as well as therapy: http://www.rare- 
diseases.org/search/rdblist.html [8]. The site 
offers a link to Clinicaltrials.gov [9] which 
describes any current research studies on the 
subject, as well as the American Chronic pain 
Association. 

An excellent referral website for patients is 
MedlinePlus, the National Institutes of Health’s 
Web site for patients and their families and 
friends: —_ http://www.nlm.nih.gov/medlineplus/ 
thoracicoutletsyndrome.html [10] (Fig. 96.1). 
Produced by the National Library of Medicine, it 
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Fig. 96.1 NIH website providing basic information on TOS including symptoms, treatment, prognosis, and complica- 


tions (Courtesy of the National Library of Medicine) 


“provides information about diseases, conditions, 
and wellness issues in language you can under- 
stand”. MedlinePlus offers reliable, up-to-date 
health information, anytime, anywhere, for free”’. 
This webpage is constructed with an easy to read 
layout including “the basics, research, and a ref- 
erence to directories and organizations that treat 
TOS”. There is an external link that redirects the 
user to the SVS webpage on TOS treatment and 
patient handouts in English and Spanish 
language. 

The website http://www.ninds.nih.gov/disor- 
ders/thoracic/thoracic.htm [11] available through 
the National Institute of Neurological Disorders 
and Stroke (NINDS) is also a good starting page 


for both patients and physicians. There are 
multiple “clickable icons” on the webpage that 
will redirect the user to clinical trials, treatment 
options, prognosis, research, organizations and 
additional resources form MEDLINE plus. The 
webpage offers patient brochures in English and 
Spanish options and also has a “listen” option 
enabled by readspeaker. 

A site with a good overview of TOS written at 
the patient level is http://www.mdguidelines. 
com/thoracic-outlet-syndrome [12]. Sites from 
respected national organizations with pages on 
TOS also include http://www.mayoclinic.com/ 
health/thoracic-outlet-syndrome/DS00800 [13]. 
A site by Dr Saunders, http://www.tos-syndrome. 
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The objectives of this Page are to facilitate the diagnosis of Thoracic Outlet Syndrome. 





To offer a definition and method of diagnosis, as well as, the relationship of Thoracic Outlet Syndrome to chest pain and Reflex Sympathetic Dystrophy (Complex 
Regional Pain Syndrome). 


To show the importance of Air Plethysmography in the detection of Positional Subclavian Artery Obstruction and Sympathetic Tone. 





To outline a Treatment Plan 





To demonstrate a cost effective Neurovascular Machine used to diagnose Thoracic Outlet Syndrome, Large and Small vessel disease, Entrapment, Neuropathy, 
Sympathetic Tone, and Impotence. 


This unit has FDA Pre-Market approval. 


You may contact Dr. Selmonosky at: 


TARAAT.AING 


Fig. 96.2 Physician website provides multiple clickable icons to information on diagnosis, treatment, and reference 


articles (Courtesy of Dr. Carlos A. Selmonosky) 


com [14] (Fig. 96.2), provides good information, 
although there is an effort to sell equipment for 
diagnosis on the site. 

MedicineNet, Inc., owned and operated by 
WebMD and part of the WebMD Network. The 
website describes itself as ‘‘an online, healthcare 
media publishing company. It provides easy-to- 
read, in-depth, authoritative medical information 
for consumers via its robust, user-friendly, inter- 
active website.” The webpage http://www.medi- 
cinenet.com/thoracic_outlet_syndrome/article. 
htm [15] provides a good overview of TOS, 
including etiology, signs and symptoms and treat- 
ment in layman terms. There is also a “patient to 
patient” case report edited by a physician included 
on the webpage. 

A growing source of information for patients 
is Wikipedia [16]. Wikipedia defines itself as “a 
multilingual, web-based, free-content encyclope- 
dia project based on an openly editable model. 
Wikipedia’s articles provide links to guide the 
user to related pages with additional information. 
Wikipedia is written collaboratively by largely 
anonymous Internet volunteers who write without 


pay. Anyone with Internet access can write and 
make changes to Wikipedia articles (except in 
certain cases where editing is restricted to prevent 
disruption or vandalism). Users can contribute 
anonymously, under a pseudonym, or with their 
real identity, if they choose.” While much of the 
information from this source may be accurate, it 
is not peer-reviewed and thus at some risk for 
misinformation. It currently does provide useful 
information for both patients and physicians 
including the definition, classification and treat- 
ment options. There is a paragraph on notable 
people who suffered with TOS including athletes 
and musicians. Most of the content however, is 
written in medical terminology and will probably 
be difficult reading for the patients. At the end of 
the webpage, multiple external links and refer- 
ences are provided to help the patient acquire 
more information if needed, including the SVS 
webpage. 

Finally, Facebook, a popular networking and 
social media site, also provides several sites with 
general information, pictures of surgical inci- 
sions, and access to chat groups. One such site is 
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http://www.facebook.com/home.php#!/group. 
php?gid=15231937182 [17]. Patients may also 
find others with TOS through internet support 
groups, such as searching Thoracic Outlet on 
http://www.dailystrength.org/ [18]. Once caution 
with support groups, is that the information pro- 
vided from these groups is not medically verified. 
However, it may still be useful for patients with 
chronic conditions to be in contact with others 
with similar situations for emotional support. 
Youtube also provides SVS-sponsored presenta- 
tions directed towards patients regarding TOS by 
Julie Frieschlag _http://www.youtube.com/ 
watch?v=yU0EyY5W8uU_ [19], Ben Chang, 
Greg Moneta and Karl Illig which briefly review 
various types of thoracic outlet syndrome. 











Resources for Healthcare 
Professionals 


For a significant portion of practicing physi- 
cians, the Internet has become a critical compo- 
nent of how they seek medical information. In a 
survey conducted by Hall and Partners [20] 
(commissioned by Google), 86 % of U.S. physi- 
cians use the Internet to gather health, medical 
or prescription drug information. Of physicians 
who use the Internet for health information, 
92 % accessed it from an office setting, 88 % 
from home, and 59 % from a mobile device. 
Seventy-one percent said they start their research 
with a search engine, 92 % of those using 
Google. Fifty eight percent 58 % of physicians 
searched more than once per day — including 
65 % of primary care physicians. Of physicians 
who start with a search engine, 57 % use terms 
related to conditions and 36 % use terms related 
to treatments and trials. While the most common 
action taken after an online search was to con- 
duct further research (48 %), about a third of the 
surveyed physicians said they had made a change 
to a patient’s medication as a result of a search, 
or had initiated new treatment. 
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For physicians, the internet can provide 
evidence-based studies, societal or consensus 
conference recommendations, and videos of pro- 
cedures which the surgeons may be less comfort- 
able with. A site by Dr Harold Urschel and a prior 
patient with TOS, www.thoracicoutletsyndromes. 
com/index.html [21] (Fig. 96.3), provides infor- 
mation at the physician level for diagnosis, 
surgical therapy, etiology, recurrence, as well as 
many images. http://www.youtube.com/watch? 
v=D_jBROJ_sSo [22] is a movie of a supraclavic- 
ular resection of a cervical rib by a neurosurgeon 
which may be useful for training programs or for 
physicians more comfortable with the transaxil- 
lary approach. 

The internet can also provide videos that may 
be useful in the medical management of TOS 
patients. Videos may provide exercise and stretch- 
ing programs that may be useful to educate local 
physical therapists unfamiliar with TOS, or to 
provide additional help for patient home therapy. 
However, videos on Youtube can be discontinued 
at any time. The following site provides images 
of clinical exam positions as well as therapeutic 
stretches for patients to perform, and may be use- 
ful for educating physical therapists, http://www. 
nismat.org/ptcor/thoracic_outlet [23]. 











Conclusions 

The internet will continue to play an increas- 
ing role in medical care as more of the popula- 
tion is computer savvy. Young physicians rely 
more on the internet and electronic textbooks 
than on hardcopy texts and journals. Patients 
are also turning to electronic resources at a 
higher rate. It is imperative that physicians 
interact with patients and discuss information 
garnered from outside sources to decrease the 
risk of adverse outcomes due to inaccurate or 
biased websites. Used properly, the internet 
can assist the patient and surgeon by reinforc- 
ing useful information, and providing images, 
support systems, as well as information on 
new developments in the field. 
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THoracic OutLeT ANATOMY 
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Home Etiology 


L.M. Harris and P. Lall 


Thoracic Outlet Syndromes 


Thoracic outlet syndrome (TOS) refers to compression of one or more of the 
neurovascular structures traversing the superior aperture of the chest. 
Previously, the name was designated according to the etiologies of compression, 
such as scalenus anticus muscle, costoclavicular ligament, hyperabduction, 
cervical rib, or first rib syndromes. Peet coined the term "thoracic outlet 
syndrome” in 1956 to designate compression of the neurovascular bundle at the 
thoracic outlet. 


Nerve Compression 

The symptoms of nerve compression most frequently observed are pain, 
paresthesias (numbness and tingling) and motor weakness. Pain and paresthesias 
are segmental in 75% of cases, 90% involving the ulnar nerve distribution. The 
onset of pain is usually insidious and commonly involves the neck, shoulder, arm, 
and hand. The pain and paresthesias may be precipitated by strenuous physical 
exercise or sustained physical effort with the arm in abduction and the neck in 
hyperextension. 


Vein Compression 

The axillary subclavian vein traverses the tunnel formed by the clavicle and 
subclavius muscle anteriorly, the scalenus anticus muscle laterally, the first rib 
posterior-inferiorly, and the costoclavicular ligament medially. In most patients 
with thrombosis of the axillary subclavian vein (Paget-Schroetter Syndrome), the 
costociavicular ligament congenitally inserts further lateral than normal. Thus, 
when the scalenus anticus muscle hypertrophies the vein is occluded, rather than 
simply compressed. 


Arterial Compression 

Aneurysm (with emboli) or occlusion of the artery may occur. The diagnosis is 
suspected by the history, physical examination, and Doppler studies and is 
confirmed with arteriography. Therapy for arterial compression depends on its 
degree of involvement. Symptoms of arterial compression include coldness, 
weakness, easy fatigability of the arm and hand, and pain that is usually diffuse. 


Sympathetic Compression 

Compression of the sympathetic nerves in the thoracic outlet may occur alone or 
in combination with peripheral nerve and blood vessels. The sympathetics are 
intimately attached to the artery as well as adjacent to the bone. It may cause 
atypical chest pain (pseudoangina) which simulates cardiac pain, or excessive 
cold, sweaty upper extremities. 


Diagnosis Treatment Recurrence About Us Contact 


Fig. 96.3 Physician website that is easy to navigate, well for TOS (Courtesy of Harold C. Urschel, Jr, MD and 
illustrated, with multiple clickable icons regarding basic Associates) 
information, etiology, diagnosis, therapy, and recurrence 
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Abstract 

Patients with thoracic outlet syndrome, especially neurologic, typically 
require many more resources than the typical vascular, thoracic, or neuro- 
logic patient. As such, a dedicated TOS clinic pays major dividends, in 
terms of time, resources, and patient and provider satisfaction. Such a 
clinic should include, at a minimum, a provider, physician extender, and 
physical or occupational therapist truly interested in the problem, along 
with logistical support for the documentation and paperwork required. If 
local resources permit, a neurodiagnostician with interest in modern, 
objective diagnostic and therapeutic block techniques is valuable, as are a 
psychologist or even a psychiatrist. Educational materials can be made 
available to patients ahead of time, streamlining the visit itself. Such a 
clinic does not need to be free-standing or full-time, but can exist “‘virtu- 
ally” within a conventional clinic simply by designating a time when 
patients and providers can all assemble. Such a clinic vastly improves the 
care of patients with VTOS, and acts as a surprisingly effective marketing 
tool in most communities. 
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Introduction 


Imagine this scenario: You are halfway through a 
busy clinic, pretty much on time although the 
waiting room is three-quarters full and you see 
rooms with charts on the door, a couple of new 
patients with carotid disease and a routine post- 
bypass followup visit. A patient awaits with a 
medium-sized thoracoabdominal aneurysm who 
will need some time. You enter the room of the 
next patient, however, and notice two things: she 
is young, and she has a foot-high stack of old 
charts and pain diaries on the chair next to her 
(Fig. ). The chief complaint says “thoracic 
outlet syndrome symptoms for 4 years/causal- 
gia,” and she has driven three hours to get to your 
office. Two things go through your head: “Every 
single person in my office is going to be mad,” 
and “there goes my day.” 

Patients with suspected TOS, perhaps more so 
than any other entity a surgeon sees, are best 


Fig.97.1 “Typical TOS 
patient” chart 
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treated in a formal, disease-dedicated clinic. 
These patients require more time to evaluate, 
require more time for education, decision-mak- 
ing, and implementation of plans, have more 
associated diagnoses, and carry with them almost 
inevitably more paperwork (both to read and to 
fill out). A smoothly running clinic can be brought 
to a grinding halt by anything more than a very 
straightforward TOS case, and apart from the 
physician’s personal unhappiness at a late day, 
this event produces ripples of unhappiness for 
everyone involved in the day’s work. A TOS 
clinic does one very major thing: it concentrates 
resources. First and foremost, such concentration 
allows the best possible care for the TOS patient, 
and second, elimination of these patients from 
the “regular” clinic allows that clinic to run much 
more smoothly and those patients (and staff, 
referring physicians, and doctor) to be infinitely 
happier. 
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Concentration of Resources 


As discussed above, these patients have unique 
needs that may be best met (and uniquely so) by 
concentration of resources. Such resources 
include educational materials and methods, per- 
sonnel, evaluation from multiple perspectives 
simultaneously, facilities for managing paper- 
work, time for chart review and lengthy dictation, 
and, perhaps most importantly, a mindset allow- 
ing plenty of time for a thorough, focused evalu- 
ation without worrying about other patients 
backing up in exam rooms. 

Education is unusually critical for this entity. 
TOS is a diagnosis that is poorly understood by 
patients and referring practitioners alike. In 
addition, a thorough understanding of this entity 
can be therapeutic, and even agreeing upon a 
diagnosis can be amazingly helpful to these 
often beleaguered patients (in one large spe- 
cialty practice, more than 50 % of patients do 
not receive the correct diagnosis for a mean of 
2 years [1]). As such, patients with TOS require 
more education than most. Everyone dealing 
with TOS quickly evolves a “spiel,” and while 
annoyingly repetitive, going over this ten times 
in a day once every couple of weeks is probably 
preferable to doing it once every clinic day. 
Even more useful are prerecorded video pro- 
grams outlining the basic facts and anticipated 
protocols surrounding this diagnosis, which can 
be set up in the waiting room or used as a pre- 
visit orientation program before personalized 
evaluation. Finally, if dedicated space is avail- 
able, written materials (wall or brochures) can 
be set up as permanent tools (educational mate- 
rials can, of course, be sent to affected patients 
in advance, but this is not a specific advantage 
of a dedicated clinic). 

Concentration of personnel is perhaps the most 
significant benefit of a TOS clinic. As described 
in multiple chapters above, this may be the most 
“multidisciplinary” diagnosis that a surgeon or 
neurologist will face. At a minimum, it is sug- 
gested that the physician work with a dedicated 
midlevel provider (nurse practitioner or physi- 
cians’ assistant) who is interested in this diagnosis 
and patients who have it and a physical or 
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occupational therapist. One of the most important 
benefits of this is the ability to evaluate the 
patients from multiple perspectives simultane- 
ously. Rather than sequentially see each “team” 
and repeat their story over and over, one long, 
thorough visit by at least the “medical” and “phys- 
ical therapy” personnel together allows the most 
complete data gathering and highest patient satis- 
faction. Each “team” can gather needed data by 
questioning, but each will also find opportunities 
to interject, ask additional questions, seek to mod- 
ify answers, and consult together in real time. In 
the editors’ experience, something is learned by 
both patients and providers and care improved in 
virtually every encounter of this type. 

This is only the minimum, and should be 
practical in virtually every environment. Even 
more advanced protocols are feasible. For exam- 
ple, with increasingly accurate predictive value 
of neurointerventional maneuvers (see Chap. 
20), an argument can be made for near-universal 
application in patients with NTOS. Even if not 
practical in one physical setting, the block team 
can set aside their own concentrated clinic day 
and save time for same-day referrals (particu- 
larly helpful as many patients will travel consid- 
erable distances to such a clinic). It has also been 
increasingly recognized (see Chap. 8) that a large 
percentage of patients have problems in addition 
to this diagnosis, such as depression, opioid 
dependence, or chronic regional pain syndrome, 
that significantly alter treatment strategies and 
responses to same. For this reason, a psycholo- 
gist, psychiatrist, pain physician, neurologist, or 
other appropriate professional should, at a mini- 
mum, be available for consultation on a same- 
day basis; if the clinic is busy enough, on-site 
presence can probably be justified (and some 
clinics are run by non-surgeons as described 
below). 

Paperwork needs are unusually important 
when treating patients with TOS, as all interested 
practitioners can attest. The patient almost 
always brings things to the encounter for the 
physician to help with, most commonly disabil- 
ity forms. Work excuses, work limitation evalua- 
tion, legal questions, and prescription requests 
are also commonly seen. Concentration of 
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thought regarding these and the assistance of an 
interested midlevel provider convert an onerous 
chore into something much easier to perform 
(and perform correctly the first time). Equally 
important, however, is the paperwork the practi- 
tioner brings to the table. First are documents 
needed for the individual clinical encounter, 
including patient self-description of the chief 
complaint as well as past history information. 
Again, this can be mailed ahead of time, but as a 
TOS-specific form is often very different from a 
conventional vascular, thoracic, neurosurgical, 
or neurologic “generic encounter” form, concen- 
trating these all on | day helps the practitioner 
correctly evaluate them. Finally, of increasing 
importance are ancillary data collection forms, 
directed at function, the psychological effects of 
the condition, and, importantly, data collection 
for evaluation of outcomes (see Appendix). 
Adequate time for thorough evaluation of past 
records and thorough, detailed dictation is, we 
feel, another critical benefit of a TOS clinic, espe- 
cially when combined with concentration of per- 
sonnel as described above. A full-day TOS clinic 
might have new patients scheduled at 30, 45, or 
even 60 min intervals. The patient can be exposed 
to taped educational materials ahead of time, and 
the midlevel provider, physical therapist, neurol- 
ogist, and psychologist can all spend individual 
time with the patient, as needed (assuming an ini- 
tial combined visit as described above). All of 
these periods allow the responsible practitioner 
intervals for chart review, planning of therapy, 
and dictation, the latter being particularly impor- 
tant. Having a limited number of patients ratio- 
nally scheduled on a dedicated day (without 
adding on emergent patients as is often needed 
during a normal clinic day) allows a thorough, 
methodical approach to each patient in turn. 
Finally, a dedicated day often allows stream- 
lined testing, including plain chest and cervical 
spine radiographs, perhaps nerve conduction test- 
ing in patients with NTOS, and noninvasive lab 
testing in patients with vascular TOS. Again, if 
these resources are not available in the clinic 
itself, concentrating TOS patients on certain days 
creates the opportunity to set up such services on 
a same day, walk-in basis. 
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Other Benefits 


Several other benefits are created by the estab- 
lishment of a TOS clinic. First and foremost, the 
patients and referring practitioners are immedi- 
ately apparent that this is an entity that is “real” 
and is judged important by the TOS practitioner. 
Every single practitioner who treats this disease 
hears some variant of “no one believes me” or 
“no one knows anything about TOS” on nearly a 
daily basis, and in our experience just walking 
through the door of a focused clinic makes such 
patients extremely happy. In addition to treating 
patients with compassion, the very concept that 
someone is taking them seriously and “it’s not all 
in my head” is, we feel, highly therapeutic. 
Second is the marketing benefit. Establishing 
such a clinic allows better communication with 
referring physicians, making them more aware 
that this diagnosis exists and giving them a place 
to send such patients. Again, the patients benefit, 
but in virtually every case that such a clinic is 
established, business is quickly brisk. Finally, 
concentration of resources makes the logistics of 
record-keeping much easier, for both assessment 
of individual outcomes and academic 
investigation. 





Practical Considerations 


A brief outline of a successful TOS clinic is as 
follows. 
¢ Physical plant and resources: 

— Usually section of conventional clinic set 
aside for TOS patients only on appropriate 
days. In almost all cases there is not enough 
business for a separate office, but even if 
clinic is weekly or monthly, appropriate 
signage (waiting area) and dedicated exam- 
ination rooms are highly desirable. A sepa- 
rate entrance from the waiting room to the 
clinic area, again so marked, is valuable for 
psychological (and logistical) reasons. 

— Educational materials and forms available 
in the waiting area 

— Strongly consider preparing video educa- 
tional materials. While these can be 
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available in the waiting area, they are prob- — 
ably most effective if presented to each 
patient in an examining room prior to being 

seen by a practitioner. Separate films should - 
be created for neurogenic, venous, and 
arterial TOS. 


High 


Suspicion 






Look for other 
diagnoses 


Low 





Low High 
Severity — 
Fig.97.2 Algorithm to guide discussion of options. This = 
is posted on the walls of the examining room (or written 
on a whiteboard) 
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Educational materials, including models 
and/or posters, on display in the exam 
room 

Simple treatment algorithms (fully worked 
out or whiteboard-based (Fig. 97.2)) on 
display in the examination rooms to guide 
discussion. 

Pre-printed prescription pads on hand — 
commonly used medications, testing, phys- 
ical and occupational therapy referral 
forms, and so on. 

Pre-existing contact and referral informa- 
tion available when a common non-TOS 
diagnosis is made — shoulder, neck or car- 
pal tunnel problems, for example. 

Strongly consider = syndrome-specific 
flowchart (Fig. 97.3) outlining plans, time- 
lines, and decision points, to be evaluated 
at each visit with the patient. 


>» °¢ Personnel present for each clinic, at a 
minimum: 


TOS physician. 
Nurse practitioner or physicians’ assistant 
who is truly interested in this condition. 


University of Elsewhere Thoracic Outlet Clinic: 
What's the Plan? 






















































































First visit: Hi suspicion, severe Consider surgery 
-C-spine films ; - ; 
: Hi suspicion, mild/moderate Therapy, reevaluate 3 months 
: -Records review 
Neurogenic none 
-Examination 
-Overview and moderate suspicion Diagnostic block 
discussion 
Low suspicion Pursue other diagnoses 
Ultrasound Acute presentation? Thrombolysis, rib resection 
Venous Venography 
Delayed presentation? Rib resection only 
Arterial Ultrasound, CT angiography — treatment is individualized 








Fig.97.3 An example of a general algorithm to give to the patient to guide treatment (this may vary from location to 


location and practitioner to practitioner) 
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This person (or persons) should be avail- 
able for all clinics, and should be expected 
to handle paperwork, phone calls (patients 
and other providers), test results, and logis- 
tics regarding these patients on non-TOS 
clinic days. 

Physical or occupational therapist who is 
truly interested in this condition. Again, 
this person should be present on all clinic 
days; even though actual treatment facili- 
ties will usually not be co-located, their 
presence is critical for evaluating problems, 
determining who is most appropriate for 
treatment, and dealing with subsequent 
logistics. Many patients will be from out of 
town, and we have found a direct therapist- 
to-therapist discussion with whoever will 
be treating such a patient very useful. 


¢ Personnel highly useful if volume allows, or at 
a minimum “on call” for same-day walk-in 
consultation: 


Neurologist or other pain physician inter- 
ested in treating patients with chronic pain 
conditions, 

Psychologist or other appropriate practitio- 
ner interested in treating patients with 
depression or associated psychological 
conditions (including substance abuse/ 
dependence), 

Neurologist or neurointerventionalist inter- 
ested in and skilled at diagnostic block 
techniques. This practitioner must be famil- 
iar with up-to-date, objective, blinded treat- 
ment protocols (see Chap. 20). 

A facility adept at performance and inter- 
pretation of nerve conduction studies, 


e Testing resources co-located or nearby with 
same-day availability: 


Noninvasive vascular lab for vascular 
TOS, 

Radiographic facilities for plain films, and 
Depending on level of interest and skill, 
pre-established cross-sectional imaging 
protocols set up in advance for CT or MR 
venography and imaging of the neurogenic 
thoracic outlet. 
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Prior to visit: 


At 


Invest time in creating TOS-specific self- 
reporting forms, as above (See appendix), 
perhaps dedicated to the specific form of 
TOS. 
Attempt to determine if the patient’s symp- 
toms are neurogenic, venous, or arterial, 
and provide such education and informa- 
tion forms as appropriate, and 
Provide the patient with written educational 
materials, as appropriate, self-reported his- 
tory forms, and initial/baseline functional 
and emotional status instruments (such as 
SF-36, DASH, and CBSQ forms) to be 
filled out ahead of time. 
first visit (Fig. 97.3): 
Cervical spine and chest radiographs 
ordered prior to being seen with films 
immediately available electronically (or 
hard copy) at the time of arrival. 
If vascular TOS, perform noninvasive test- 
ing prior to practitioners’ visit. 
After check in, 15 min for video/other 
“generic” education; practitioner(s) can 
review old records and results of spine 
radiographs and noninvasive testing during 
this time. 
Basic initial generic history review and 
exam by midlevel provider, if needed. 
Thorough TOS-focused history and physi- 
cal examination by physician, midlevel 
provider, and physical or occupational 
therapist together. 
Detailed, specific discussion, again together, 
of the problem at hand, unique situation, 
diagnosis, degree of certainty, and plan 
e If testing or further imaging is needed 
(or patient to be enrolled in a clinical or 
research protocol), set up at this time 
and make followup appointment, 
¢ If physical therapy is needed, therapist 
spends time with patient to make plans, 
¢ Ifreferral to pain physician, psychologist, 
or other field needed, set up at this time. 
¢ If operation is recommended, set up at 
this time. 
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e At each follow up visit: 

— Repeat functional and psychological test- 
ing (minimum SF-36, DASH, and CBSQ) 
as above. This will allow longitudinal anal- 
ysis of outcomes, but is also strongly rec- 
ommended as needed global data collection 
for outcomes research purposes. 

— Individual encounters will vary depending 
on the treatment provided and _ results 
thereof. 


Summary 


Patients with thoracic outlet syndrome, especially 
neurologic, typically require many more resources 
than the typical vascular, thoracic, or neurologic 
patient. As such, a dedicated TOS clinic pays 
major dividends, in terms of time, resources, and 
patient and provider satisfaction. Such a clinic 
should include, at a minimum, a provider, physi- 
cian extender, and physical or occupational 
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therapist truly interested in the problem, along 
with logistical support for the documentation and 
paperwork required. If local resources permit, a 
neurodiagnostician with interest in modern, objec- 
tive diagnostic and therapeutic block techniques 
is valuable, as are a psychologist or even a psy- 
chiatrist. Educational materials can be made avail- 
able to patients ahead of time, streamlining the 
visit itself. Such a clinic does not need to be free- 
standing or full-time, but can exist “virtually” 
within a conventional clinic simply by designat- 
ing a time when patients and providers can all 
assemble. Such a clinic vastly improves the care 
of patients with VTOS, and acts as a surprisingly 
effective marketing tool in most communities. 
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Appendix 


Suggested Forms to Gather 
Information from Patients with TOS 


Three forms seem to be most useful for patients 
with thoracic outlet syndrome, and we urge all 
who treat this disorder to use them for data 
collection: 

DASH (Disabilities of the Shoulder and 
Hand): Copyrighted by The Institute for Work & 
Health 2006. All rights reserved. 

Obtain at: http://www.dash.iwh.on.ca/ (Sep- 
tember 24, 2012) 


K.A. Illig et al. (eds.), Thoracic Outlet Syndrome, 


SF-36 (Short Form - 36): Copyrighted by 
The Medical Outcomes  Trust/QualityMetric 
Incorporated 2002. All rights reserved. 

Obtain at: http://www.sf-36.org/ (September 
24, 2012) 

CBSQ_ (Cervical Brachial Symptom 
Questionnaire): Courtesy of Pain Physician, 
American Society of Interventional Pain 
Physicians? Printed on pages to follow. 
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Cervical Brachial Symptom Questionnaire (“CBSQ”) 


NAME, DATE 


READ INSTRUCTIONS FIRST. This form is important for measuring the outcome of treatment. 

Based on your experiences in the PAST WEEK, answer the following questions regarding how often 
symptoms would be likely to increase if you were to engage in certain activities. 

Circle the number corresponding to how likely it would be for symptoms to increase during an activity 

so much that you would have to stop or modify the activity. 

DO NOT LEAVE ANY BLANKS. 

If a CONSTANT ongoing symptom would not be more noticeable during the activity, mark the answer “0.” 
If a symptom would increase during half of the instances of the activity, mark the answer “5.” 

Only mark “10” if your symptoms would increase during EVERY instance of the activity. 


I Pain going down the arm increases with neck movement, as in turning, flexing or extending the neck. 
0 1 2 3 4 5 6 7 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 
2. Pain in the arm or shoulder increases instantly with brief shoulder movement as in throwing something or 
in reaching behind the body. 


4 5 6 


0 1 2 3 7 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 


3. Hand or arm aches or fatigues with arm exercise, particularly with overhead or outstretched positioning. 
0 1 a 3 4 5 6 7 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 
4. Hand or arm swells after arm exercise, including after any activities that require repetitive arm 
movements. 


4 5 6 


0 1 2 3 7 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 


5. Sensations of tingling or numbness in the hand or arm increase when reaching overhead or outwards. 
Examples include brushing hair or blow-drying hair, reaching for an overhead shelf, or working with arms 
overhead as in painting a ceiling or screwing in light bulbs. 


4 5 


0 1 2 3 6 7 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 


6. Sensations of tingling or numbness increase in the hand or arm when awakening from sleep. 


4 5 6 


0 1 2 3 vf 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 
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7. Sensations of tingling or numbness increase in the hand or arm with repetitive finger movements as in 
writing, typing, sewing, playing musical instruments or assembling objects. 


0 1 2 3 a 5 6 7 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 


8. Sensations of tingling or numbness increase with prolonged or forceful grasping as in holding a steering 
wheel to drive, using tools, handling office instruments or controlling industrial equipment. 


0 1 2 3 4 5 6 7 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 
9. Sensations of tingling or numbness increase while bending elbow or leaning on elbow, for example, 


while holding telephone receiver or leaning on a desk. 
0 1 2 3 5 6 s | 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 
10. Hand is clumsy or weak while trying to hold onto objects or while attempting to open jars, use keys to 
open a lock, pull zippers or button clothing. 
0 1 2 3 4 5 6 7 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 
11. Pain is caused by experiences that ordinarily are not painful. Examples include a light touch to the hand, 
arm, or neck, such as a light draft, the rub and tug of clothing, or the touch of something moderately hot or cold. 
0 1 2 3 - 5 6 7 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 
12. _ Disabling pain that can last into the next day is caused by activities that ordinarily produce only mild 
discomfort. Examples include a light exercise session, a physical therapy treatment or a physical examination. 
0 1 2 3 a s 6 a 8 9 10 
It would NEVER happen this past week This past week, it would happen ALWAYS 


13. Symptoms have occurred with the above activities in the past without recurrence in the past week. 


yes no (circle your answer) If the answer is “yes”, please list by number and explain on back. 


14. Hand becomes blue, red, swollen, sweaty or hot. Yes No (circle answer) If “yes” explain on back. 
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Cervical brachial symptom questionnaire 


Name 
Mark where you feel pain with horizontal 
or vertical lines. Mark sensory changes 
with diagonal lines. If different pains or specific 
items in the questionnaire, then indicate 
by the question number. 
Use next page if necessary. 


a 





or VU Mark pain 


OO or jj, Mark numbness or sensory disturbance including tingling 





Index 


A 
Adson maneuver, 42-44 
American Association for Thoracic Surgery (AATS), 
666-667 
American TOS association site, 676 
Arm abducted stress maneuver (AER), 43 
Arterial thoracic outlet syndrome (ATOS) 
abnormal osseous structures, 552 
anatomy, 546-547 
Angiojet technique, 593 
Arrow-Trerotola PTD device, 593 
athletes, 610, 611 
arteriography, 566 
clinical findings, 566 
CT angiography, 566 
differential diagnosis, 566, 568 
digital plethysmography, 566 
ischemic complications, 565-566 
painful and sensitive calluses, 566 
physical examination, 566 
treatment, 567-569 
axillary artery lesions 
angiography, 610 
branch vessel occlusion, 607 
clinical diagnosis, 606 
computed tomography/magnetic resonance 
arteriogram, 606 
diagnostic findings, 606-607 


noninvasive vascular laboratory studies, 606, 610 


pathogenesis, 605, 606 
pathologic and clinical findings, 605 
postoperative care, 609 
surgical treatment, 607-609 
symptoms, 606 
bony abnormalities, 552 
children, 579-581 
clinical decision making, 584-586 
clinical pathways, 585, 586 
clinical presentation, 552-553 
congenital bony abnormalities 
cervical ribs, 575 
C7 transverse process, 573-575 
evaluation and management, 571-573 
first ribs, 575-576 
neurovascular compression, 571, 572 


plain chest and cervical spine radiographs, 571, 572 
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diagnosis and imaging, 628 
differential diagnosis, 583-584 
distal embolization, 593 
duplex ultrasound examination, 592 
endovascular intervention, 592-593 
endovascular stents, 594 
etiology, 545-546 
follow-up, 630 
guidewire, 593 
imaging studies, 554-555 
intraoperative arteriography, 593 
intravascular ultrasound, 594 
neurovascular bundle, 583 
pathophysiology, 547-549, 627 
patient history, 553 
physical examination, 553-554, 592 
“power-pulse” setting, 593 
preoperative thrombolysis, 594 
provocative testing, 554 
rapid pharmacomechanical thrombolysis, 593 
recurrent/residual 
dextran infusion, 621 
diagnostic tests, 620-621 
distal emboli, 623-624 
endovascular stent-grafts, 622-624 
etiology, 620 
graft thrombosis and embolization, 621-622 
initial therapy, 621 
pathology, 620 
physical examination, 620 
retained abnormal ribs, 623 
subclavian artery, treatment, 621 
sympathectomy, 624 
symptoms, 620 
systemic heparin, 621 
thrombolytic agents, 621 
“slow’conventional thrombolysis, 593 
thrombolysis, 592 
timely diagnosis and treatment, 615 
treatment, 628-630 
treatment outcomes, 616-618 
Trellis device, 593 
unilateral digital ischemia 
aneurysmal degeneration, 559, 561 
catheter-based selective arteriography, 559 
differential diagnosis, 558, 559 
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Arterial thoracic outlet syndrome (ATOS) (cont.) 
digital artery thrombosis, 559 
digital ulceration, 557, 558 
“hypothenar hammer’’syndrome, 559 
physical examination, 557 
primary digital artery spasm, 559 
primary vasospasm, 558, 559 
subclavian artery aneurysm, 559, 560 
symptoms, 557 
thrombolytic and vasodilator agents, 562 
treatment, 559, 562 
vascular imaging, 592 
“whole-limb” infusion, 594 
Arteriovenous fistula (AVF), 363, 
455-456, 498 
Athletes 
ATOS, 610, 611 
arteriography, 566 
clinical findings, 566 
CT angiography, 566 
differential diagnosis, 566, 568 
digital plethysmography, 566 
ischemic complications, 565-566 
painful and sensitive calluses, 566 
physical examination, 566 
treatment, 567-569 
NTOS 
diagnostic delay, 82 
imaging evaluation, 83 
NTOS symptoms, 81 
pain, 82 
physical examination, 81 
predisposing activities, 81-82 
treatment and outcomes, 83-84 
unnecessary operative procedure, 82-83 
VTOS 
anticoagulation, 366 
clinical presentation, 366 
diagnosis and initial treatment, 366 
surgical treatment, 366-367 
Axillary-subclavian vein (ASCV), VTOS, 365 
anticoagulation, 366 
clinical presentation, 366 
diagnosis and initial treatment, 366 
surgical treatment, 366-367 
Axillosubclavian artery 
anatomy, 597-599 
combined supraclavicular and infraclavicular 
approach, 602 
deltopectoral approach, 602 
infraclavicular approach, 601, 602 
supraclavicular approach 
general anesthesia, 598 
scalene fat pad, 599-600 
transverse supraclavicular incision, 598, 600 


B 

Brachial plexus blocks, 138 

Brachial plexus injury, posture and 
localization, 90-91 


Index 


C 
Carpal tunnel syndrome (CTS), 5, 29, 33, 42-44, 50, 
52-53, 59, 70, 89, 127-130, 148, 186, 264, 
640, 669, 670 
Catheter-directed thrombolysis, 509, 510, 529 
Central venous obstruction (CVO) 
definition, 355 
dialysis-associated venous thoracic outlet syndrome, 
356-357 
endoluminal intervention, 357-358 
pathophysiology of, 355-356 
surgical reconstruction, 358 
Cervical and anomalous first ribs, 19-21 
Cervical Brachial Symptom Questionnaire (CBSQ), 45, 
152, 688 
carpal tunnel syndrome, 53, 54 
fibromyalgia, 57 
pain and sensory diagram, 46 
ulnar neuropathy, 55 
Cervical dystonia, 51 
Cervical ribs 
clinical presentation, 87 
costal process, 12—13 
embryogenetics, 14 
embryology, 85, 86 
embryonic nerve trunk, 13-14 
epidemiology, 87 
pathophysiology, 87 
physical therapy, 87-88 
plain radiograph and CT, 85, 86 
surgical intervention, 88 
toxic prenatal exposure, 13 
Cervical root stimulation (CRS), 128-129 
Chiropractic treatment 
bio-mechanical function, 184-185 
chronicity factor, 185 
future aspects, 186 
generic types, 184 
manual challenge, 186 
pectoral girdle evaluation, 184 
proper function re-establishment, 183-184 
sterno-clavicular and acromioclavicular joint, 184 
TOS and breathing mechanism, 185-186 
Chronic headache, 55 
Complementary and alternative medicine 
efficacy, 189 
erythropoietin, 190 
heparin, 190 
hypnosis, 190 
intraosseous blockade, 190 
nalbuphine, 190 
nitroglycerine, 190 
octreotide, 190 
pulsed high intensity magnetic stimulation, 190-191 
topical sphenopalatine ganglion blocks, 191 
transcutaneous nerve stimulation, 191 
vagal nerve stimulation, 191 
Complex regional pain syndrome (CRPS), 160-161 
central/sympathetic mechanisms, 648-649 
classification, 194 
clinical features, 195, 648 


Index 


clinical signs, 193 
diagnosis, 649-650 
differential diagnosis, 56 
epidemiology, 195, 648 
genetic factors, 649 
historical perspectives, 194 
management, 650-651 
nerve injury, 193 
pathophysiology 
brain plasticity, 196 
central sensitization, 196 
local inflammation, 195 
neurogenic edema, 196 
skin abnormalities, 195-196 
SNS response, 195 
tissue trauma and local nerve injury, 195 
peripheral mechanisms, 648 
prevention, 651 
sympathectomy 
evolution of, 226 
microneurography, 227 
results of, 226-227 
sympathetic overactivity, 227 
treatment strategies, 196 
types, 648 
Consensus-based diagnostic criteria 
clinical features, 145-146 
CORE-TOS, 145 
Delphi method, 145, 146 
differential diagnosis, 144-146 
future aspects, 152 
initial criteria, 146-148 
second-stage 
limitation, 146 
results and analysis, 150-153 
survey construction, 148-149 
Consortium for Outcomes Research and Education 
on Thoracic Outlet Syndrome (CORE-TOS), 
145 
Costoclavicular space, 18, 19 


D 
Deep brain stimulation, 264 
Diaphragmatic breathing exercise, 170-172 
Disability of the Arm, Shoulder, and Hand (DASH), 45, 62 
Double crush syndrome (DCS) 
anterograde axonal transport, 101, 102 
etiology 
diabetes mellitus, 102-103 
entrapment neuropathy, 102 
impaired axonal anterograde flow, 103 
inflammation and nerve compression, 102 
intrinsic neuropathy, 102 
metabolic disorders, 102 
motor neuron disease, 103 
neuronal injury, 101-102 
thoracic outlet syndrome 
cubital tunnel syndrome, 103 
diagnostic criteria, 103 
provocative tests, 103 
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secondary compression, 103 
surgical treatment, 104 
Downward arm traction test, 43 
Dystonia 
botulinum chemodenervation 
muscle biopsy study, 139 
neck and shoulder muscle pain, 138-139 
single site injections, 139 
cervical, 51 
CRPS, 266 


E 
Edgelow neuro vascular entrapment syndrome treatment 
(ENVEST) protocol, 636 
breathing training, 170-172 
cardiovascular conditioning, 172—173 
core stabilizer activation, 169-170 
indications, 169 
treatment progression, 173 
Electromyography/nerve conduction velocity (EMG/ 
NCV) test, pectoralis minor syndrome, 97 
Elevated arm stress test (EAST), 33, 42-43, 63 


F 
Fibromuscular abnormalities 
acquired abnormalities, 117 
axilla, 119 
costoclavicular interval, 119 
retropectoralis space, 119 
scalene triangle, 119 
developmental anomalies, 117 
axilla, 119 
costoclavicular interval, 119 
retropectoralis space, 119 
scalene triangle, 117 
Fibromyalgia 
CBSQ diagram, 57 
clinical signs and symptoms, 58 
medications, 58 


G 

Gilliatt-Sumner hand (GSH) 
anatomic considerations, 70 
anterior supraclavicular approach, 70, 71 
intraoperative nerve action potential, 70, 72 
posterior subscapular approach, 70, 71 


H 
“Hypothenar hammer” syndrome, 559 


I 

Imaging modalities 
CT scan, 121 
MRI, 121-122 


radiographs, 121 (see also Radiographic imaging) 
ultrasound, 121 
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Inferior trunk injury, 90 
Infraclavicular approach 
axillosubclavian artery, 601, 602 
VTOS 
clinical outcomes, 431—432 
general endotracheal anesthesia, 430 
pectoralis major muscle, 430 
postoperative management, 431 
residual stenosis, balloon angioplasty, 430, 431 
subclavian venolysis, 430, 431 
transverse incision, 430 
International association for the study of Pain 
(ASP), 647 
Internet 
American TOS association site, 676 
Facebook, 678 
MedlinePlus, 676, 677 
National Institutes of Health’s web site, 676, 677 
NINDS, 677 
parent usage, 676 
physician website, 677-680 
quality health care, 675 
recommendations, 676 
searching Thoracic Outlet, 679 
Society for Vascular Surgery website, 676 
videos, 679 
WebMD network, 678 
Wikipedia, 678 
Intravascular ultrasound (IVUS), 357-358, 466, 528, 594 


K 
Kabat test, 64 


L 
Lateral cord injury, 90 
Latissimus dorsi muscle (LDM) transfer flap 
external neurolysis, 287 
muscle flap insertion, 287-289 
patient positioning, 286, 287 
supraclavicular brachial plexus neurolysis, 287, 288 
transaxillary dissection, 286, 287 


M 
Medial antebrachial cutaneous nerve (MACN) testing, 
129, 130 

Medial claviculectomy, VTOS 
axillary-subclavian-innominate vein, 448 
clavicle incision, 447 
oscillating saw, 448 
periosteal elevator, 447-448 
results, 448-449 

Medial cord injury, 90 

Medicolegal issues 
claims, 663 
physician as defendant, 664-666 
physician as expert witness, 666-667 
physician as witness, 664 


Index 


MedlinePlus, 676, 677 
Motor cortex stimulation, 265 
Myofascial pain, 51-52 


N 
National Institute of Neurological Disorders and Stroke 
(NINDS), 677 
National Institutes of Health’s web site, 676, 677 
Nerve conduction velocity (NCV), 232 
Nerve injuries, 644-645 
Neurogenic pectoralis minor syndrome (nPMS), 24 
Neurogenic thoracic outlet syndrome (NTOS) 
athletes 
diagnostic delay, 82 
imaging evaluation, 83 
NTOS symptoms, 81 
pain, 82 
physical examination, 81 
predisposing activities, 81-82 
treatment and outcomes, 83-84 
unnecessary operative procedure, 82-83 
care-pathway and treatment options 
anterior scalene/pectoralis minor muscle blocks, 
159-160 
center approach, 164-165 
complex regional pain syndrome, 160-161 
diagnosis, 158-159 
evaluation and management algorithm, 162 
follow-up care, 163-164 
history, 158 
medications, 163 
occupational therapy, 161 
pectoralis minor tenotomy, 161-162 
physical examination, 158 
physical therapy, 161, 163 
supraclavicular decompression, 162 
cervical ribs 
anomalous first ribs, 36—37 
clinical presentation, 87 
embryology, 85, 86 
epidemiology, 87 
pathophysiology, 87 
physical therapy, 87-88 
plain radiograph and CT, 85, 86 
surgical intervention, 88 
chiropractic treatment 
bio-mechanical function, 184-185 
chronicity factor, 185 
future aspects, 186 
generic types, 184 
manual challenge, 186 
pectoral girdle evaluation, 184 
proper function re-establishment, 183-184 
sterno-clavicular and acromioclavicular joint, 184 
TOS and breathing mechanism, 185-186 
choice of operation 
brachial plexus, exploration and neurolysis, 285 
LDM transfer flap, 286-289 
pectoralis minor tenotomy, 285 


Index 


supraclavicular scalenectomy, 285 


transaxillary and supraclavicular branchial plexus 


exploration, 286 
transaxillary first rib resection, 285-286 
clinical diagnosis, 232-233 
clinical presentation 
CBSQ, 45, 46 
DASH, 45 
electromyography, 45 
MRI scans, 45 
neurological symptoms history, 42 
pain radiation patterns, 44 
positive clinical findings, 42 
Tinel’s sign, 44-45 
in clinical research 
diagnosis and functional assessment, 
301-302 
etiology and pathophysiology, 300-301 
incidence of, 300 
treatment approaches to, 302-304 
complementary and alternative medicine 
efficacy, 189 
erythropoietin, 190 
heparin, 190 
hypnosis, 190 
intraosseous blockade, 190 
nalbuphine, 190 
nitroglycerine, 190 
octreotide, 190 
pulsed high intensity magnetic stimulation, 
190-191 
topical sphenopalatine ganglion blocks, 191 
transcutaneous nerve stimulation, 191 
vagal nerve stimulation, 191 
complex regional pain syndrome 
brain plasticity, 196 
central sensitization, 196 
classification, 194 
clinical features, 195 
clinical signs, 193 
differential diagnosis, 56 
epidemiology, 195 
historical perspectives, 194 
local inflammation, 195 
nerve injury, 193 
neurogenic edema, 196 
skin abnormalities, 195-196 
SNS response, 195 
tissue trauma and local nerve injury, 195 
treatment strategies, 196 
computerized tomographic (CT) scanning, 308 
congenital bands and ligaments, 36 
consensus-based diagnostic criteria (see Consensus- 
based diagnostic criteria) 
cost management, 273 
CRPS (see Complex regional pain syndrome) 
depression, 273 
diathesis-stress model, 278 
DSM-IV-TR criteria, 278 
treatments for, 278-279 
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diagnosis and treatment of, 272 
diagnostic tests 
EMG/NCV evaluation, 283-284 
imaging, 284 
muscle blocks, 283 
differential diagnosis, 282 
carpal tunnel syndrome, 52-54 
cervical dystonia, 51 
cervical spine disorders, 50-51 
chronic headache, 55 
coexisting and complicating factors, 
49-50 
complex regional pain syndrome, 56 
depression, 56 
fibromyalgia, 56-58 
musculoskeletal conditions, 52 
myofascial pain, 51-52 
opioid hyperalgesia, 58 
somatization and iatrogenicity, 56 
ulnar entrapment syndrome, 52-53, 55 
discharge 
activity, 243 
follow-up, 243 
oral pain medications, 243 
physical therapy, 243 
return to work, 243 
double crush syndrome 
cubital tunnel syndrome, 103 
diagnotic criteria, 103 
provocative tests, 103 
secondary compression, 103 
surgical treatment, 104 
electrodiagnostic study, 308-309 
electrophysiologic nerve testing 
abnormal ulnar nerve SSEP, 128 
cervical root stimulation, 128-130 
conventional nerve conduction velocity 
study, 130 
MACN testing, 129, 130 
needle electrode examination, 130 
reduced ulnar SNAP, 127 
traditional method, 128 
epidemiology, 32 
ergonomic and postural abnormalities 
children, 106-107 
epidemiology, 105-106 
pathophysiology, 107 
treatment options, 107-109 
etiology and types, 282 
first rib resection 
advantage of sparing, 320-321 
scalene muscles, 319-320 
Gilliatt-Sumner hand 
anatomic considerations, 70 
anterior supraclavicular approach, 70, 71 
intraoperative nerve action potential, 70, 72 
posterior subscapular approach, 70, 71 
headaches, 312 
histopathologic evaluation, 309 
inflammation, 311-312 
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Neurogenic thoracic outlet syndrome (NTOS) (cont.) 


long-term outcomes 
pattern of failure, 293, 294 
quality of life, 294, 296 
magnetic resonance (MR) imaging, 308 
mechanical tension, 312 
NCV, 232 
noninvasive vascular laboratory evaluation, 308 
non-operative treatment 
pain management regimens, 284 
physical therapy, 284 
workplace and lifestyle alterations, 284 
NTOS-targeted therapy, 46 
occupational therapy (see Occupational therapy (OT)) 
operating room, 240 
operative technique 
muscle-splitting incision, 233 
neurolysis, 234 
patient positioning, 234 
posterior superior serratus muscle resection, 234 
results of, 234-235 
T2 and T3 ganglia dissection, 234 
outcomes and assessment, 292 
overdiagnosis/underdiagnosis, 324—325 
pain management (see also Neuropathic pain) 
complex regional pain syndrome, 266 
deep brain stimulation, 264 
intrathecal drug delivery, 265 
ketamine infusions, 265-266 
motor cortex stimulation, 265 
peripheral nerve stimulation, 264 
spinal cord stimulation, 262-264 
pathology, 37 
pathophysiology 
first rib resection, 38 
non-traumatic onset, 39 
post-traumatic onset, 37-38 
repetitive stress injury, 38 
patient education, 273 
pectoralis minor syndrome (see Pectoralis minor 
syndrome) 
pectoralis minor tenotomy (see Pectoralis minor 
tenotomy (PMT)) 
pediatrics 
anterior scalene muscle block, 76 
chemodenervation, 76-77 
diagnostic approach, 76 
pharmacological approach, 76 
surgical decompression, 77—78 
TOS incidence, 75 
pharmacological options for, 240, 241 
physical examination, 283 
physical therapist’s evaluation (see Physical 
therapist’s evaluation) 
physical therapy, 639-640 
breathing dysfunction, 168 
centralized nociceptive pain, 168 
ENVEST protocol (see Edgelow neuro vascular 
entrapment syndrome treatment (ENVEST) 
protocol) 
loss of motor control, 168 
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plain radiography, 308 
PMT, 640-641 
positional paresthesias 
carpal tunnel syndrome, 42 
nocturnal numbness, 42 
pulse obliteration with arm hyperabduction, 42 
stress maneuvers, 42—44 
weakness and atrophy, hands, 45 
post-anesthesia care unit (PACU), 240 
post-discharge problems 
chest wall pain, 244 
CRPS, 244 
delayed recovery, 244 
motor nerve dysfunction, 244 
muscle soreness, 244 
sensory nerve dysfunction, 243-244 
postoperative complications, 293 
postoperative pain management 
anticonvulsants, 246 
anti-depressants, 245 
muscle relaxants, 245 
narcotics, 245 
NSAIDs, 245-246 
predisposing factors, 35 
preoperative preparation, 239-240 
primary care and diagnosis 
clinical history, 32-33 
cross-sectional imaging, 34 
diagnostic criteria, 32 
nerve conduction studies, 34 
physical examination, 33 
referral, 34 
specificity and accuracy, 32 
supraclavicular tenderness, 33 
psychiatric considerations 
depression, 278-279 
substance abuse, 279-280 
psychosocial factors, 272 
radiographic imaging (see Radiographic imaging) 
recurrence of, 282 
recurrent, 639 
repetitive trauma disorders 
brachial plexus injury, 90-91 
carpal tunnel syndrome, 89 
muscle degeneration and regeneration, 91 
postural dysfunction and NTOS, 90 
repetitive work injury, 312 
scalene muscle variations, 35-36 
secondary NTOS, 638-639 
social support, 272 
specialty-specific surgical principles, 327-328 
standard gray-scale ultrasonography, 308 
supraclavicular approach (see Supraclavicular first rib 
resection) 
supraclavicular first rib resection 
pathophysiology of, 316 
patient’s presentation, 316 
scalene muscle involvement, 316-317 
surgical floor 
activity, 242 
anti-constipation medications, 243 
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anti-embolism protection, 242 
diet, 242 
drain management, 243 
hygiene, 242 
incentive spirometry, 242 
local anesthetic infusion catheter, 243 
nausea, 240 
nurse monitoring, 242 
pain management, 242 
physical therapy, 242 
supportive medication, 242-243 
surgical outcomes, 292-293 
surgical treatment, 285 
symptoms and signs, 29 
symptoms of, 282 
transaxillary approach (see Transaxillary approach) 
transaxillary first rib resection 
pathophysiology of, 316 
patient’s presentation, 316 
scalene muscle involvement, 316-317 
treatment, 30 
work status, 273-274 
Neuropathic pain (NP) 
anticonvulsants, 255, 258 
antidepressants 
selective serotonin reuptake inhibitors, 255 
TCA, 255-257 
combination therapy, 258-259 
definition, 254 
opioids, 258 
pharmacological treatment, 254 
topical agents, 258 
Numeric pain rating scale (NPRS), 62 


O 
Occupational therapy (OT) 
follow up, 180 
post operative treatment 
exercise program, 179 
initial post operative visit, 179 
positioning recommendations, 179, 180 
primary therapy 
ADL and IADL tasks analysis, 176-177 
education, 176 
nerve glide handout, 176, 178 
patient assessment, 176 
sample intake form, 176-177 
scapular musculature strengthening, 176 
treatment setting, 175-176 
Opioid hyperalgesia, 58 


P 
Paget-Schroetter syndrome (PSS), 7, 493, 517, 529 
Pain, nociceptive vs. neuropathic, 194 
Paraclavicular approach, VTOS 
adjunctive arteriovenous fistula, 444 
external subclavian venolysis and venography, 441 
infraclavicular exposure, 437 
inpatient physical therapy, 445 


patient preparation, 434-435 
postoperative care, 444 

selection of, 434 

subclavian vein exposure, 437, 440-441 
subclavian vein reconstruction, 441-443 
supraclavicular exposure, 435-437 
therapeutic anticoagulation, 444-445 
treatment goals, 433-434 

vein graft bypass, 443-444 

vein patch angioplasty, 441, 443 


Pectoralis minor space, 18, 19 
Pectoralis minor syndrome (PMS) 


clinical symptom, 94, 95 
conservative treatment, 97 
diagnostic tests 
electrodiagnostic testing, 97 
selective muscle blocks, 96-97 
etiology, 94 
neurogenic TOS, 96 
physical examination, 94, 95 
in recurrent neurogenic TOS, 100 
surgery 
outcomes, 98, 100 
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pectoralis minor tenotomy (see Pectoralis minor 


tenotomy (PMT)) 


Pectoralis minor tenotomy (PMT), 640-641 


deltopectoral (anterior) approach 
blunt dissection, 219, 221 
coracoid process, 219-221 
fascia incision, 219-220 
patient position, 219, 220 
wound closure, 221 

diagnosis and indications 


pectoralis minor muscle blocks, 218-219 


physical examination, 218, 219 
followup care, 222 
infraclavicular incision, 98 


infraclavicular/subclavicular (anterior) approach, 221-222 


partial myomectomy, 98, 99 

patient positioning, 97, 98 

postoperative physical therapy, 98 
supraclavicular scalene triangle, 217—218 
transaxillary (lateral) approach, 221 
transaxillary technique, 98, 99 

transverse incision, 97 


Peripheral nerve stimulation, 264 
Pharmacomechanical thrombolysis (PMT), 415-416 
Physical therapist’s evaluation 


objective evaluation 


active movement and palpation tests, 62-63 


active movements, 62 

postural observation/assessment, 62 
subjective evaluation 

cardiovascular assessment, 64 

functional assessment, 62 

hand temperature, 63 

history, 62 

neurodynamic testing, 63-66 

numeric assessment, 62 

Spurling’s test, 63 

strength testing, 64-67 
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Physical therapy 
breathing dysfunction, 168 
centralized nociceptive pain, 168 
ENVEST protocol 
breathing training, 170-172 S 
cardiovascular conditioning, 172-173 Scalene muscles 
core stabilizer activation, 169-170 congenital anomalies, 13-14 
indications, 169 embryology, 14 
treatment progression, 173 Scalene test block 
loss of motor control, 168 dystonia, botulinum chemodenervation 
motor vehicle accident, 635-636 multiple site injections, 139-140 
repetitive data entry, 636-638 muscle biopsy study, 139 
Pneumothorax, 463, 643 neck and shoulder muscle pain, 138-139 
Posterior cord injury, 90 single site injections, 139 
Prevenous phrenic nerve, 23 facet blocks, 138 
Proprioceptive neuromuscular facilitation (PNF), 66 multiple site injection 
Pulmonary embolism (PE), 464 double blinding, 135 
fluoroscopic and EMG guidance, 134 
intramuscular needle tip penetration, 135-138 
pain scale scoring, 136 
ultrasound and EMG guidance, 134-136 


muscle degeneration and regeneration, 91 
postural dysfunction and NTOS, 90 


Q 
Quality of life (QOL) research 


assessment, 656 

intervention, 658 

measurements, 656 

mental component score, 659, 660 
morbidity and mortality, 655 
physical component score, 659, 660 


single site injection 

EMG guidance, 134 

surface landmarks, 134 
suprascapular and axillary blocks, 138 
ultrasound guided brachial plexus blocks, 138 
ultrasound guided stellate blocks, 136-137 


pre-operative patient demographics, 658 
rate of recovery, 658 

theories, 656-658 

time course, 660 


Society for vascular surgery website, 676 
Society of thoracic surgeons (STS), 666-667 
Spinal cord stimulation, 262-264 

Straight leg raise (SLR), 63 

Substance abuse, NTOS 


R 
Radiographic imaging 
dynamic changes 
coracoid process, 120 
costoclavicular interval, 114, 115, 119 
CT and MRI, 119 
hyperabduction-external rotation, 119 
prescalene space, 114 
retropectoralis space, 114, 116, 119 
scalene triangle, 114, 115, 119 
MRI and CT, 120-121 
static pathology 
bony abnormalities, 116 
brachial plexus abnormalities, 119 
fibromuscular abnormalities, 117, 119 
thoracic outlet 
brachial plexus, 114 
costoclavicular interval, 112, 113 
prescalene space, 114 
retropectoralis space, 112, 114 
scalene triangle, 112, 113 
Reflex sympathetic dystrophy (RSD). See Complex 
regional pain syndrome 
Repetitive trauma disorders 
brachial plexus injury, 90-91 
carpal tunnel syndrome, 89 


addiction, 279 

opioids addiction, 279 
physical dependence, 279 
tolerance, 279 


Supraclavicular first rib resection 


axillosubclavian artery, 598 
minimizing scar tissue formation, 248 
NTOS 
advantages, 209-210 
anterior scalenectomy, 211, 212 
bone rongeur, posterior and anterior rib 
removal, 214 
brachial plexus neurolysis and middle 
scalenectomy, 211-213 
clinical outcomes, 215-216 
closed-suction drain, 215 
first rib resection, 212-213 
hyaluronidate-based absorbable film, 215 
patient positioning, 210, 211 
peripheral nerve stimulator, 210 
phrenic nerve, 210 
polylactide film, 215 
preoperative preparation, 210 
scalene fat pad, 210 
scopolamine patch, 210 
Stille-Gertz guillotine-type bone cutter, 214 
transverse incision, 210 
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pathophysiology of, 316 predisposing anatomic factors, 26 
patient’s presentation, 316 surgery, 26 
pattern of breathing, 248 United States, 27 
ratio of activity and rest, 251 vascular TOS, 25 
scalene muscle involvement, 316-317 work-related injury, 26 
scar mobilization NTOS (see Neurogenic thoracic outlet syndrome) 
breathing exercises, 248-249 patient chart, 684 
caudal, 248, 249 scalenectomy era 
cephalad, 248, 250 anatomic variations, 5 
left ULTT, 248, 249 cervical rib syndrome, 5 
ROM, 249-250 histochemistry and fiber type analysis, 4 
VTOS, 386 scalene muscle, 5 
Sympathectomy, 624 venous abnormality, 7-8 
VTOS (see Venous thoracic outlet syndrome) 
Thrombolysis 
T angioplasty, 414-415 
Thoracic outlet PMT, 415-416 
anatomy pre thrombolysis left subclavian venogram, 416 
anatomical spaces, 17-19 results, 418-419 
brachial plexus, 21, 22 venogram, 414 
cervical and anomalous first ribs, 19-21 Tinel’s sign, 44-45 
cervical sympathetic nerve chain, 22 Tinel’s tap test, 63 
dorsal scapular nerve, 22 Transaxillary approach 
ligaments and bands, 21 brachial plexus injury, 206-207 
long thoracic nerve, 21—22 exposure 
phrenic nerve, 21 anterior scalene muscle, 204, 205 
scalene and pectoralis minor muscles, 123 cerebellar/Weitlaner retractors, 202 
scalene triangle, 17 Cobb periosteal elevator, 204 
subclavian and axillary vessels, 23 deep wound retraction, 203 
thoracic duct, 24 periodic breaks, 204 
embryology right-sided thoracic outlet anatomy, 202 
cervical ribs (see Cervical ribs) soft issue separation, 203 
neurovascular development, 12 transverse skin line incision, 202 
scalene muscles, 14 patient positioning, 202 
lateral view, 11, 12 postoperative care, 207 
Thoracic outlet syndrome (TOS) postoperative complications 
arterial occlusion, 7 nerve injury, 208 
ATOS (see Arterial thoracic outlet syndrome) pneumothorax, 208 
clinic TOS recurrence, 208 
advantages, 686 vascular injury, 207-208 
first visit, 688 preoperative physical therapy, 201-202 
follow up visit, 689 prophylactic antibiotics, 202 
personnel, 687-688 rib resection, 204-207 
physical plant and resources, 686-687 wound closure, 205-206 
prior to visit, 688 Transaxillary first rib resection 
resources testing, 688 pathophysiology of, 316 
concentration of resources, 685-686 patient’s presentation, 316 
electrophysiologic test, 6 scalene muscle involvement, 316-317 


first rib resection era, 6-7 
historical evolution 


cervical rib, 4-5 U 
medical diagnosis, 4 Ulnar entrapment syndrome, 52-53, 55 
incidence and prevalence Ulnar innervated thumb muscles strength assessment, 66 
anatomic and electrophysiologic findings, 26 Unilateral digital ischemia 
medical office workers, 27—28 aneurysmal degeneration, 559, 561 
morbidity and mortality, 27 catheter-based selective arteriography, 559 
neurogenic TOS, 26, 27 differential diagnosis, 558, 559 
nonspecific NTOS, 26 digital artery thrombosis, 559 


overuse injury, 26 digital ulceration, 557, 558 
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Unilateral digital ischemia (cont.) 
“hypothenar hammer” syndrome, 559 
physical examination, 557 
primary digital artery spasm, 559 
primary vasospasm, 558, 559 
subclavian artery aneurysm, 559, 560 
symptoms, 557 
thrombolytic and vasodilator agents, 562 
treatment, 559, 562 


Vv 
Vascular injuries, 645-646 
Vasospasm, 558, 559 
Vein patch angioplasty, 441, 443 
Venoplasty, 485, 486 
Venous thoracic outlet syndrome (VTOS) 
acquired veno-compressive condition, 462 
acute axillosubclavian vein thrombosis 
anticoagulation, 384 
thrombolysis, 384 
acute effort thrombosis, 509 
acute thrombus management, 392 
acute VTOS, treatments outcomes, 485, 487 
anatomy of, 340-341, 346 
anticoagulant therapy, 509 
anticoagulation, 466-467, 472 
axillo-subclavian vein thrombosis, 533-535 
chest guidelines, 532 
exogenous steroids, 533 
goals, 531-532 
hypercoagulable conditions, 533 
venography, 532-533 
ASCV, competitive athletes 
anticoagulation, 366 
clinical presentation, 366 
diagnosis and initial treatment, 366 
surgical treatment, 366-367 
AVF, 455-456 
balloon angioplasty, 511 
bilateral, 638 
bypass procedures, 515 
catheter-directed thrombolysis, 509, 510, 529 
chronic thrombus management, 392 
chronic VTOS, treatments outcomes, 487, 488 
classification scheme, 504—505 
claviculectomy, 452 
clinical outcomes, 393-394, 505-506 
clinical pathways, 472 
clinical presentation, 346-347 
acute upper extremity venous thrombosis, 380 
chronic venous occlusion, 381 
post-phlebitic stenosis, 380-381 
clinical scenarios, 351-352 
clot dissolution, 509 
computed tomographic imaging 
advantages of, 373 
arterial phase image, 372 
limitation of, 373-374 
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non-ionic intravenous contrast, 372 
patient positioning, 372 
subclavian vein or artery, 372 
venous phase image, 372 
contemporary management, 513 
contralateral side, 538-539 
costoclavicular space decompression, 513-514 
CT and MR, 414 
CVO (see Central venous obstruction) 
decision-making process, 522, 523 
decompressive surgery, 472-473 
definition of, 391-392 
diagnostic testing, 337, 347-349 
differential diagnosis of 
arteriovenous fistula/graft (AVF/AVG), 
382-383 
chronic post phlebitic syndrome, 383 
Klippel-Trenaunay-Weber syndrome (KTS), 382 
lymphedema, 383 
Paget-Schoroetter syndrome, 38 1-382 
pancoast tumors, 382 
duplex ultrasound, 413-414 
DVT, 462 
endovenectomy, 454 
evidence-based data, 503 
external venolysis, 510 
extrinsic venous compression, 513 
first rib resection, 485, 487, 518-519 
grading system, 504, 505 
history of, 335 
Hopkins protocol, 392-393 
infraclavicular approach 
clinical outcomes, 431-432 
general endotracheal anesthesia, 430 
pectoralis major muscle, 430 
postoperative management, 431 
residual stenosis, balloon angioplasty, 430, 431 
subclavian venolysis, 430, 431 
transverse incision, 430 
infraclavicular incision, 452 
initial evaluation, 336-337, 405—406 
initial treatment, 406-407 
initial treatment options, 493, 494 
institutional review, 472 
institutional treatment algorithms, 473, 485 
intermittent positional obstruction, 538 
interposition graft, 453 
intervention/procedure, 504-505 
ipsilateral autogenous venous reconstruction, 514 
IVUS, 528 


jugular turndown, 454-455 


magnetic resonance imaging 
advantages of, 375-376 
limitations of, 376-377 
technique, 374-375 

medial claviculectomy 
axillary-subclavian-innominate vein, 448 
clavicle incision, 447 
oscillating saw, 448 
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periosteal elevator, 447-448 

results, 448-449 
modern literatures, 472, 474-484 
paraclavicular approach 

adjunctive arteriovenous fistula, 444 


external subclavian venolysis and venography, 441 


infraclavicular exposure, 437 
inpatient physical therapy, 445 
patient preparation, 434-435 
postoperative care, 444 
selection of, 434 
subclavian vein exposure, 437, 440-441 
subclavian vein reconstruction, 441-443 
supraclavicular exposure, 435-437 
therapeutic anticoagulation, 444-445 
treatment goals, 433-434 
vein graft bypass, 443-444 
vein patch angioplasty, 441, 443 
pathophysiology, 341 
patients categories, 522 
patient with diseased vein, 522-524 
patient with normal vein, 522 
patient with occluded vein, 524-525 
pediatric age group 
catheter-directed thrombolysis, 362 
hypercoagulability, 362 
male and female ratio, 362 
musculoskeletal abnormalities, 362 
prevalence of, 362 
primary thrombosis, 361 
persistent/recurrent 
clinical characterization, 493, 494 
evaluation and treatment options, 495 
persistent venous TOS, 495-497 
preoperative delineation, 497 
primary neurogenic TOS, 494-496 
recurrent venous TOS, 495-497 
reoperation, 497-501 
secondary neurogenic TOS, 494-496 
symptoms, 493-494 
pharmacomechanical devices 
Amplatz thrombectomy device, 416-417 
percutaneous thrombectomy device, 417 
Trellis catheter, 417-418 
physical examination, 335-336 
planar radiographic imaging, 462 
postoperative care 
complications, 463-465 
follow-up care, 467-468 
in-hospital care, 462-463 
occupational therapy, 468 
physical therapy, 469 
residual subclavian vein obstruction, 467 
strengthening exercises, 469 
subclavian vein patency, 465-466 
temporary arterio-venous fistulas, 467 


pre-decompression catheter-directed interventions, 


473, 484-485 


preoperative evaluation, 453 
prevalence of, 391 
primary surgical goal, 521-522 
primary types and characteristics, 504 
PTVA + stent, 342 
randomized control trials, 506 
replacement graft, 454 
reporting standards, 503-504 
results evaluation, 342 
rib resection, 510-511 
stenosis, 419-420 
stents, 527-529 
sternal split, 452-453 
subclavian endovenectomy, 453 
subtotal thoracic outlet decompression, 393 
surgery, 638 
symptoms of, 335-336 
thrombolysis 
angioplasty, 414-415 
PMT, 415-416 
pre thrombolysis left subclavian 
venogram, 416 
results, 418-419 
venogram, 414 
thrombophilia, 402-403 
transaxillary first rib resection 
anterior scalene muscle insertion, 425, 426 
arm elevation, 424, 425 
complications, 427-428 
external venolysis and subtotal 
mobilization, 426, 427 
general anesthesia, 424 
pre and postoperative venograms, 426, 427 
UCLA, 424, 425 
Weitlander retractors, 424 
wrapping, 424, 425 
treatment, 349-351 
treatment algorithm, 488, 489 
treatment progression, 407-409 
venography, 393 
venoplasty, 485, 486 
venous reconstruction, 485, 487 
incision, 452 
indications, 451-452 
venous stents, 485, 486 


Visual analogue pain scores (VAS), 139 
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Wikipedia, 678 
Workers compensation 


CTS, 670 

health benefits, 670 

non-catastrophic injury, 669 

observational studies, 670-671 

time loss and medical costs, 671 

wage loss compensation, 670 

Washington workers compensation, 671-672 
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